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ABSTRACT 


The Effects of Display and Response Codes on Infonsatioa ftocesslng 
in an Identification Task. 

Jeffrey Glenn Morriscm 
356 pages 

Directed by Dr. G. M. Corso 


Four experiments are reported that employ the Within-Task Subtractive (WiTS) method for 
partitioning response time. The assumptions and advantages this methodology are discussed 
relative to subtractive and additive factors methodology. Symtxdogy and coding issues such as die 
particular target-task combination used, resprmse mapping, target density and blocks of practice were 
manipulate d. Study 1 showrd that digits and letters are {vocessed differently from each other in 
terms of input and output processing. Study 2 showed t^ the identification of different categories 
of codes in the presence of noise codes generated different effects cm input and output processing. 
Study 3 examm^ the identification of codes from multiple code categories udien there is a sin^ 
code per target versus when there are muldple codes per target. The results show that while there 
are differences in input processing depending on the location erf codes, udien the results are 
considered on a per-code basis, the d^erences in input are accounted for by the different number erf 
visual fixations required, rather than differences in processing. A fourth stuify examined the effects 
of identifying redundant codes. Redundant codes were processed as separate codes early in practice, 
and processed as a single, composite code late in practice during input, and were output mudi Easter 
than relevant, non-redundant codes in output. 

Studies 1-3 also examined the impact of response mapping. Two response mappings were developed 
based on schemas common in computer and aircraft applications. One had a single response code 
asagned to each key, while the other had multiple codes assigned to each key. It was mqpected thM 
the response mapping would only affect output processing, however there were a number of sirfitle 
inti»raciinn effects for input processing. It was concluded that the output side of the task affects the 
way information is input in memory. 

A variety of principles and guidelines are proposed. Future researdi directions and specific studies 
are discussed. An "iterative cascade model* is proposed to account fm the findings. 
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CHAPTER 1 • lotrodnctioii. 


Humans interact with their environment by taking information from the enwonment, 
performing some cognitive activity regarding the implications of what they perceive, and then actii^ 
to affect some change in the environment. While this is a relatively simple explanation of how 
information in the world affects behavior, the reality is that despite over a century of study, we stQl 
have a very poor understanding of how people process information, or vdiat aspects of the 
environment may impact how that information is processed. This paper will study two aspects 
this problem. 

First, the use of different symbols and how they are arranged on a display are examined in 
terms of how they affect human performance in an information processing task. For the purposes of 
this paper, a code is defined as the explicit information associated with a particular symbol in a 
coding scheme. For example, the designer of a display may employ the symbds: 0,1, 2, 3, and 4. In 
the context of a spedfle information processing task, the designer may assign different meanings to 
each of the symbols m the set. When a user of the display sees the symbol, (or hears its name 
spoken aloud), the symbol serves as a signal to the user that he/she is to emit a specific reqioiise or 
responses. When the user of the display emits the desired resp(mse(s), it can be said that 
information has been transmitted (e.g. S hann on and Weaver, 1949). Based on his/her understanding 
of the task demands, information has been transmitted from the dis|day in the task to the user, as 
well as from the user to some other component of the system in the form (rf an elicited re^xmse 
(Teichner, 1977). 


1 
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The second aspect of how performance in an information procesang task may be affected 
by codes relates to how the response side of the task affects the way codes are read from a display 
and processed. A common design feature of many person-machine interfaces is the use of multi¬ 
function keyboards. Multi-function keyboards differ from single-frmction keyboards in that a single¬ 
function keyboard has a angle response code (or frmction) assigned to each response key. This is 
also typical of iiow codes are assigned in most studies of information processing and human 
performance. Multi-function keyboards are characterized by having several different response codes 
(or functions) assigned to the same response key. Such a mapping has several advantages in that 
there are fewer keys required to perform the task, however there may be a cost in terms of the 
perceived complexity of the response panel mapping. There is little data that describes how these 
two approaches to the assignment of response codes to response keys affect the way information is 
processed in general, and the way information is read from a display and encoded into memory in 
particular. The research described in this report attempts to address this issue. 

A third thrust of this research is to consider the nature of the tools available to the 
psycholo^t to study codes, coding, and the nature of information processing. To a very large 
degree, we cannot directly study the physical mechanisms that generate the behavicns of interest. As 
a result, the study of processing typically depends on measuring behavior in terms of the time 
and/or accuracy required to perform a task under a variety of thewetically interesting conditions. 
The nature of information processing is then inferred from the nature changes in the time and/or 
accuracy measures seen in the different experimental ctmditions. This report will describe and 
demonstrate an alternative procedure for interpreting reqxmse time than is tyincally found in the 
eiqierimentai literature. The method, developed by Warren H. Tekhner (1977,1978), has seen little 
e:q>osure in the literature due to Dr. Teichner’s death shortly after it was developed. Therefore, a 
considerable part of this paper describes the methodology, and its merits relative to more traditumal 
methods for partitioning response time. 
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Alternative approaches to the partitioning of response time and their utility in making 
inferences about information processing are addressed in Chapter 2. The remainder ot this Qiapter 
will survey the e}q>erimental psychology literature to assess what has been learned with regard to 
codes and coding, as well as how the response side of the task might impact information jn-ooessing. 
The survey focuses on a variety of issues related to how code symbols are used. One such issue is 
whether the use of different symbol sets, such as in different code categories have an impact on 
information procesdng. The review of code categwies focuses on digits and letters because they are 
often used as symbols in cognitive research, and there is empirical evidence that suggests that they 
may be processed differently. A second issue that is renewed is how the presence of symbols/codes 
that are not relevant to the task being performed may affect processing. Another commcm 
relationship among codes in a display is the case where multiple codes are present m a display that 
signify the same response. This relationship is defined as redundancy and therefore, research that 
examines code redundancy is reviewed as well. Finally, the impact of the arrangement of codes in 
the display relative to the arrangement of codes m the response mapping is an important aspect of 
coding that can affect the way a task is performed. Therefore, studies that provide insight into how 
the response side of the task affects processing is conadered in some detail. 

Processing of Code Categories: Digits versus Letters. 

It is interesting to note that most research that employs digits and letters does not focus on 
the proces»ng of di^ts and letters per se. Rather, the dig^t and letter symbds are emfdoyed as a 
means of studying some other processing issue. Thus, the use of digits and/or letters is ty|McaIly not 
considered to be important to the study of processing per se. For example, Dick (1969) evaluated 
the effects of identifying multi-dimensional stimuli according to (me ol several dimensions udiich 
included color, positicm in a matrix, and class (d^t or letter). In his results, he makes an almost 
incidental note that letters were identified more accurately than digits. Thus, while Dkk (1969) did 
not set out to study the processing of digits versus letters, his results lend credence to the suggestkm 
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that digits and letters, though very similar categcmes at codes, may in faa be processed dififoently in 
the context of the same task. 


Corballis & Nagoumey (1978) used digits and letters as stimuli in a mental rotation task. 
However, subjects were required to classify a target as a letter or digit rather than identify it as is 
the case m the typical mental rotation task. They found that the category classification of digits or 
letters was not affected by degree of rotatkm, vdiile the identification (rf a particular target code was 
affected by target rotation. Further, they found that the latencies to identify normal digits or letters 
were shorter than those for backward digits or letters. Agmn, these findings support the proposition 
that digits and letters are in fact distinct subcategories of alphanumeric stimuli. However, the data 
presented in the report do not offer any clues as to the relative speed for classifying dipts versus 
letters, so there is no basis on which to speculate how digits and letters might be processed 
differently. 

Studies utilizing digits and letters have often done so because both sets are: 1) extremely 
well learned in the general population, and 2) have ordinal properties among the set elements 
(Briggs, 1974). This later aspea of these symbol sets fed Egeth, Marcus & Bevan (1972) to assess 
the impact of using Cerent elements from among the dipt set on reaction time performance in a 
binary classification task. The results of the study led these researchers to suggest that different 
code symbols may have implicit prc^rties that cause them to be processed differentfy. They found 
that selecting elements among the sets such that the elements demonstrated an ordinal property, or 
"natural” sequence, increased response time relative to when elements were randomly sefeaed. This 
suggests that subjects are aware of, and in fact process attributes of the stimulus sets wdiich may 
have no e]q>licit, (^rational relevance to the task being performed. If the ordinal atpects at these 
two categories can affect processing when the ordinal properties are not relevant to the task beiitg 
performed, then it is reasonable to expect that other aspects of code categories might affect 
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processing as well. The findings of this research support the assertion that different symbol sets may 
affect performance differently, prior to their being given explicit meaning through the eiqdidt 
application of a coding scheme. This further supports the assertion that differences in the letter and 
digit symbol sets might cause them to be processed differently. 

Studies that have employed digits and letters as different categories have also generated data 
that may be interpreted as suggesting that diffts and letters are processed differently. In three 
studies using digits and letters in between- and within-category search tasks, Cardosi (1966) found 
that there were distinct differences between the time required to search for targets vdien noise 
targets were selected from the same category as opposed to when sulqects searched targets when 
the noise targets were from different category. These results support the proposition that di^ and 
letters may be processed differently. She notes that in her between category search tasks, Le. ndien 
searching for digiu or letters in a display of digits and letters, subjects were more accurate in 
locating targets than they were in identifying them. In within category search tasks, Le. seardhing for 
particular digits from a display of digits or searching for letters among a display of letters, sulqects 
were more accurate identifying targets than they were m locating them. Cardosi ascribes these 
performance differences to the physical differences in the digit symbols relative to the physical 
differences among the letter symbols rather than to the nature of the digit and letter categcnies per 
se. Regardless of the aspects of the symbol sets that generated these performance differences, their 
significance to this study is that they again show that digits and letters are naturally treated as 
distinct categories of codes, and therefore may be processed in distinct and different manners. 

George E. Briggs is one of the few researchers in the literature to directly address the issue 
of code symbols as being (H-ocessed differently. Briggs (1974) reviews the findings in published 
literature based on the Sternberg Task. Subjects in this task are required to memorize a number of 
target codes. Probe targets are then presented on a display, and subjects are asked to classify the 
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probes as either being a member the memory set or not being a member. The time required to 
the classification is recorded over a number of trials. TyincaDy, one factor that is manipulated in the 
Sternberg task is the number of items that are present in the memory set The tyjNcal finding in this 
task is that the amount of time required to perfwm tim classification increases as the number of 
items present in the memory set increases. In his survey dl published research using the Sternberg 
task, Briggs notes that the binary classification digits was best described by Sternberg’s original 
(1966) linear regession to describe the relationship between memcny set size and the predicted 
response time, i.e. 

RT = 0+b(M) 

where RT is reaction time, M is memory set size or number of elements in the positive memory set, 
and a reflects a constant amount of time consisting of the time to encode the display information 
into sensory memory and the time required to execute a response, and h is the slope which reflects 
the rate of processing in Stage n or central processing (Sternberg, 1969; Smith, 1968). 

Briggs notes that while the linear equation provides an excellent fit for the classification of 
digits, such as those used Sternberg, an alternative fmn of the equation works better for most 
types of stimuli. Letters of the alphabet, combinations of digts and letters, random figures, 
geometric symbols, and pictures of faces were found to be better described by an equation that takes 
the log 2 of the number of items in the memory set. Specifically, the equation goposed to describe 
the reaction time results for the classification of letters and most other cat^ories of code symbols is: 

RT^m*b (H^ 

where Hq is the amount of central processing uncertainty. 

Briggs attributed the rather unique performance characteristic associated with digits to a 
several unique afreets of the digits set. The set of digit symbols was relatively small (10 elements, 0- 
9) and was very well learned. Further, in real-world use, the elements of the digit set are routindy 
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treated as sin^ stimulus elements, while letters are treated as part of a larger verbal code (Le. 
words). Therefore, subjects had much more eiqwrience utiliTing the distinctive features of digit 
symbols than in utilizing the distinctive features of letters. Because the dassification ot targets 
requires attention to the individual features of the targets, the perfcmnance seen with di girs was 
different from that seen with letters. 

Briggs extended his observaticms to the dassificatkm of stimuli with more comidex features, 
and/or with less discriminability. When stimulus ensembles are ixresented with more stimulus 
features (eg. stimuli that are coded along multiple dimensions or udiich consist of multiple codes), 
or which are less discriminable (perhaps because there are a larger number of possible «riinuli in the 
set or due to spatial proximity), more stimulus features are considered and/or more feature tests 
must be performed to make a correct classification than for simjde stimulL As the number oi 
decisions required to classify targets in a task increases, the more likely is information uncertainty to 
be an appropriate measure vdien describing central processing. 

The explicit suggestion by Briggs that d^ts and letters are processed differently, as well as 
the implicit findings of the other researchers revwwed above support the hypothesis that the use of 
digits and letters as code sets in an information processing task may lead to different effects on 
processing. This hypothesis will be addressed in Chapter 4. 

The PrcsoMC of Irrelevant Codes. 

Another issue relevant to the use of symbols in diq>lays b that of the effects of irrelevant or 
noise codes on the processing of relevant codes. The effects on processing of spatialfy proximal 
noise and relevant codes were shown in studies by Wkkens & Andre (1990); and Andre & Widuns 
(1988). The data from these studies demcmstrated that the qwtial proximity of information, 
including that represented by vdiat the eiqwriment operationally defines as noise, impacts on 
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information coding. Wickens & Andre (1990) directly tested the hypothesis that the impact of nt^ 
codes is directly related to the inoximity of the noise codes to the relevant codes such that the more 
proximal the noise codes to the relevant codes, the greater the interference generated by the noise 
codes. Their results suggest that noise codes are in fact jwocessed in working memory, and not 
simidy filtered out at a perceptual level 

Eriksen, Eriksen & Hc^finan (1986) reached similar conclusions using a different research 
paradigm. They employed a binary classification task to assess the ability of subjects to employ 
selective attention and ignore noise targets in a display which could indicate either the same 
response as the target symbol or a competing response. The results of their "response competition 
paradigm" showed a large difference in response times to both positive and negative memory set 
targets when the accompanying noise letters indicated a competing response, as opposed to when 
they indicated the same response as the target. Eriksen, Eriksen & Hoffinan mterpreted these 
results to indicate that both the target and the noise targets are rapidly identified and mput mto 
working memory, and this is independent of the serial comparison process generally ascribed to 
central processing. Again, these results suggest that irrelevant (noise) targets do affect iwocesung in 
some way. 

The issue of noise codes and their impact on performance appears to be tied to context, and 
the issue of how categories of codes are processed. Not only is proximity importanl but the 
relationship of the noise codes to the relevant target codes is a mtyor factor in determining the 
effect nc^ codes on perfcmnance. Studies concerned vnth the nature of code categories also 
have generated results relevant to the effects of codes on processing, and have related those 
effects to the distinctiveness of code categmies. For instance, the distinctiveness of categories 
defined by sets of digits, letters and punctuation symbols is assessed in the work of Pashler and 
Baylis (1991)*''’. Their research is based on the assumption that digits and letters are processed 
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separate categories of symbols rather than a single alphanumeric category. They then examined how 
learning elements in one category affects performance for classifying new elements in the same 
versus different categories. Results from Pashler & Ba^’ (1991)* eiqieriments 1 and 2 
demonstrated that: 1) ^en a classification task is defined on the basis of categorized symbols, 
performance is faster and generates more rapid imivovements with [wactice than it does with 
randomly assigned (non-categorical) symbols, and 2) when training <» a well defined category there 
is substantial positive transfer of training to new exemplars added in the same categories vrfiile there 
is minimal transfer for poorly defined categories, (see also Schneider & Rsk, 1984). These results 
suggest that the processing of symbols selected from di^ts, letters and punctuation categories are in 
fact processed as categories when the task is constructed such that responses are categorically 
consistent. Thus, the suggestion that di^ts are processed differently than letters may be dependent 
on the context of the task in which they are being processed. 

The problems of coding in actual applications outade the laboratory are often more 
complex than those addressed above. Often, the display contains a number of codes and/or code 
dimensions that are not directly relevant to the task at hand. The question then becomes one ofi 
What effects do the irrelevant codes have on the performance in identifying relevant codes? Again, 
the context of categories may have an impact on the effects of irrelevant codes on the processing of 
relevant codes, (Eriksen and Eriksen, isr74; La Heij and Vermeij, 1987). Proctor and Fober (1988) 
studied response-compatibility in order to assess the effects of extraneous stimuli presented in the 
display when extraneous elements were similar to the target stimuli. Their study again used digits, 
letters and punctuation symbok as distinct code categories, however they were interested in the 
effects of classifying targets viien noise characters were placed immediately adjacent to the target 
characters. The experiment paradigm employed was a variation of Sternberg’s (1966) task. The 
noise codes in each target could signify the same response as the target code, ot could signify a 
different response from that indicated by the target code. Thk arrangement effectively created 
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multi-dimensional coding in the stimuli. Further, they manipulated the relevance of code categories 
as well as the relevance of individual codes. When the code categories were relevant to the task, all 
those codes that indicated one type of response were selected from the same category (digits or 
letters or neutral). When code categories were irrelevant, both the target and noise codes were 
selected from all categories (digits, letters and neutral). When category was irrelevant, Proctor & 
Fober found that, relative to neutral code, flanking target codes with noise codes that signified the 
same response led to a higher rate of target classification for the relevant target codes than flanking 
target codes with noise codes that signified a different response from that of the relevant target 
code. When category was relevant, similar performance was found, however presenting new 
exemplars from the same category as the target code also enhanced performance, while new 
exemplars from the noise category slowed the rate of target code identification. 

Several important points can be gleaned from Proctor & Fober (1988) with regard to the 
issue of how various codes and code categories in a display affect task performance. Hrst, their 
results are in accordance with those of Pashler & Baylis (1991)* in showing that di^ts and letters are 
perceived as separate categories when the task allows category to be a relevant dimenuon. Further, 
the results of Proctor & Fober show that the presence of irrelevant information (codes) in a display 
will affect performance regardless of categoiy. Under certain conditions, ^en the noise codes are 
not relevant to the task at hand, but are relevant to other aspects of the task, the effects of noise 
stimuli may enhance performance while in other conditions the effects may be detrimental to 
performance. 

Stone (1979), in his review of studies that assess the effects of extraneous (i.e. noise) stimuli 
on latency to categorize targets, notes that the impact of code noise in different kinds of tasks is 
^conclusive. For instance, some investigations of latencies in categorizing tasks report little or no 
slowing due to the presence of irrelevant information (e.g. Morrin, Forrin, & Archer, 1961; Fitts & 
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Biederman, 196S; and Imai and Garner, 196S). These studies showed that irrelevant code attributes 
had no significant effect on speed of card sorting. However, in a complex categorization task 
involving four relevant dimensions, Hodge (1939) found rignificant increases in respcmse latency as 
the number of irrelevant dimensions was increased from one to three. 

In summary, the literature regarding irretevant stimulus codes is not conclusive as to 
whether irrelevant codes affect performance. It has been suggested that one possible factor which 
relates to the effects of noise codes is whether the stimulus dimensions that make up the noise codes 
are ever relevant to the task being performed. When the noise code dimensions are relevant, e.g. 
when the noise and target codes are both from the same category, it is more likely that the noise will 
have a detrimental effect on performance (Egeth, 1966; Proctor & Fober, 1988; Pashler & Baylis, 
199 ia,b) 5 ^ take up this aspect of processing ulien relevant codes are identified from 

targets including codes from an irrelevant category. 

Code Redundancy. 

Redundant codes are two or more codes which can mean the same thing. In an information 
processing task, two codes are redundant v^en they both signal the same response. The processing 
of redimdant target codes is often compared to that of extraneous (noise) codes because, 
conceptually, both redundant and extraneous codes provide no additional information >i^ch 
contribute to the performance of the task. By definition, fiilly redundant stimuli provide no 
additional information because the occurrence of the redundant stimuli is perfectly correlated with 
each other (Estes, 1972; Stone, 1971). The general finding with redundant targets is that the 
identification (procesung) of redundant targets is faster than that seen in the presence of noise 
targets with ounparable displays (Biedermen and Checkosky, 1970; Eriksen and Lappin, 1963; 
Holmgreen, Juola and Atkinson, 1974; Grice, Canham & Boroughs, 1984). However, the findings 
with redundant targets have not been consistent. 
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In his 1969 study, Dick used multi-dimensional stimuli ^ch could be described in terms of 
their position (row or column), color (red or black) and class (digits or letters) in a memory recall 
e]qperiment based on the partial report procedure (see Sperling, 1960). He found that: 1) The 
accuracy of recall decreased with spatial and code infcvmation, but not for class; 2) Recall accuracy 
was slightly biased in favor of top row, red items, and letters. These results were interpreted as 
showing that stimulus dimensions subject to structural properties (e.g. color, position, shape, etc) 
are subject to memory decay, vriiile dimensions subject to control processes (Le. strategies such as 
rehearsal, set or category,) are less subject to decay. Digits and letters, because they may be readily 
rehearsed and/or classified, are responded to more accurately.^ Thus, the impact of redundancy on 
processing may depend on the particular nature of the codes being used. 

Flowers & Gamer (1971) reach essentially the same conclurion as Dick regarding 
redundancy. They suggest that any task where performance is state limited, e.g. where the primary 
factor limiting performance of a task is visibility, will see an improvement m performance with code 
dimension redundancy. No benefit for redundancy iirill be seen when a task is process limited. 

Flowers & Gamer performed an experiment uhere stimuli had either a low visibility or high degree 
of stimulus feature similarity. Their results confirmed their ei^iectation suggesting that redundancy 
enhancement is essentially a perceptual phenomenon. 

Grice and Gwyne (1987) used a letter clasrification task to assess the effects of code 
redundancy, and compared the rate of performarce with redundant, noise and non-noise codes in a 
display. Subjects identified each type of letter that appeared in a four element display. Their 
experiment compared the rate of target identification «dieii cells not containing targets contained 
either: 1) no targets, 2) noise letters (letters that were not to be clasrified), or 3) redundant letters 

^ For a theoretical discussion of structural properties versus control processes see Atkinson & 
Shiffrin (1968). 
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(non-target letters that were the same category as those that were to be identified). They also 
examined the effects of e]q>erience with redundancy, noise and non-noise targets throug)i the use of 
both between- and within-subjects designs. Grice & Gwyne found that benefits for redundant 
targets were greater ^en subjects had never experienced noise targets. When particular target 
codes were noise on some trials and redundant on others, the difference in performance between 
them was small. Grice & Gwyne conclude that the benefits often seen with code redundancy are 
largely due to the elimination of the deficits assodated with target noise rather than bcreases in 
performance due to the presence of redundant targets per se. 

Stone (1971) in his study comparing color, form, color-irrelevant form, form-irrelevant color, 
redundant form-color, found that: 1) Targets that were color coded alone were identified faster than 
when they were form (or shape) coded alone; 2) The presence of irrelevant information increased 
response latency, and increases were greater when the irrelevant attribute was one uHhich subjects 
responded to more rapidly (i.e. color); and 3) Redundant information did not increase the rate of 
responding. This study demonstrated unique findings with regard to the effects of redundancy on 
processing because when the task involved procesung intensive tasks, redundancy slowed responding 
for most subjects. 

As with noise codes, impact of presenting redundant codes on processing in an identification 
task is unclear. It appears that redundant codes may enhance, be detrimental to, or not affect 
performance at all, depending on a variety of issues including relevance of the redundant codes, and 
experience with the particular redundant codes, and the particular dimensions (or categories) of the 
redundant codes. The use of redundant digit and letter codes will be addressed in this report in 
Chapter 7, where performance with the fully redundant di^t and letter codes will be compared to 
the identification of letters in the presence of noise digits, and udiere both digits and letters are 
identified with no noise targets. 
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Tlw effects of Response Mapping on Processing. 

It is not dear how factors relating to the response side of the task affect processing. 
However, a number of researchers have generated findings that suppmt the proposition that 
relatively mundane aspects of the response side of the task may have an impact on the nature of 
processing. One aspect of the studies by both ProctOT & Fober (1988) and Pashler & Baylis 
(1991)*’*’ which relates to this issue is their finding that the assignment of codes in the respmise 
mapping impacted the rate of target classification. Specifically, Proctor & Faber found that vben 
noise codes were mapped to the same or different response buttons as relevant codes, the rate of 
identification was significantly slower. This led Proctor & Fober to suggest that there was response 
competition between the relevant and irrelevant codes and this caused adjacent noise codes to 
enhance or decrement performance. Therefore, the response mapping did contribute to the 
processing that went on in stage 2, or central processing in the Sternberg processing model 
(Sternberg, 1966; Smith, 1968). 

Studies reported by Pashler & Baylis (1991) *’*’ also have implications for how the respemse 
side of a classification task affect processing. One of the Pashler & Baylis (1991)* ei^riments 
replaced one element of the classification set in a categorical classification task after 750 trials of 
practice, e.g an old exemplar from a category was replaced with a new exemplar from the same 
category. They found that performance in terms of the rate of responding was slowed down to a 
level comparable to that seen after 100 trials nhen all the oripnal exemplars were first being 
learned. Another experiment used n4iat they called a "shuffled mapping procedure" udiere the 
response keys for the different categories were rearranged after 750 trials of practice. In addition, 
they added new exemplars to the categories for half their sulqects in this ejqwriment. They found 
that: 1) the shuffling of the response mapping created a massive disruption of performance, and 2) 
the new exemplars improved after the disruption much more rapidly after the shuffling than did the 
old exemplars. In yet another part of their study, Pashler & Baylis used a procedure udiere after 750 
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trials the response mapping was held constant, but subjects were required to respond nring the 
oi^xxite haml from the one that they were trmned on. The results of this study showed minimal 
deficits in performance, suggesting that the competition was occurring in the m^>ping of codes, 
rather than during the execution of the responses per se. 

Taken together, the results of Pashler & Bajdis (1991)* show that: 1) response mapping can 
have major impacts on performance in terms of both how the task is learned and how fast the task 
is performed; 2) response mapping effects may interact with cognitive aspects of the stimuli being 
processed in performing the tasks, and 3) the effects of response mapping are in fact on both the 
perceptual (categorical) stage(s) of processing and at the level of response selection. Pashler & 
Baylis (1991)^ continued this line of research by examining the effects of repetition of exactly the 
same target in consecutive trials. Their results in these studies cause them to suggest that the effects 
of both practice and repetition are in large part located in the response selection stage of the 
Sternberg model, and further that the speeding up of responding is both narrower and more specific 
with response repetition than it is for the general practice effects. Thus, the impacts of response 
panel manipulation on processing may be qualitatively different from those that are attributed to 
manipulations of the codes presented in the display. 

The effects of movement in the execution and selection of responses are also studied us ing 
the movement precuing method. In this methodology, cues are provided to the subject that in<ficate 
the direction and/or extent of the movement required pritM- to the start of an experimental trial. 
Larish (1986), in his assessment of the validity of the movement precuing method for assessing the 
influence of stimulus-response translations on movement programming, presents data vriiich suggests 
that some part of response programming bepns very early in processing, (see also Rosenbaum, 

1980). The movement precue method involves presenting cues as to the direction and/or magnitude 
of a correct movement. Larish presented a task in which the cues were incorporated into a modified 
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additive factors method classification experiment (after Sternberg, 1966). The cues on the disjday 
were manipulated so as to be spatially compatible or incompatible with the re^nse panel For 
some omditions, the cues were hi^y compatible, for some they required some translatkm 
(translating from a vertical to horizontal orientation), uMe for others they were incompatible 
(indicating the wrong direction and/or magnitude of movement). His results found that stimulus- 
resptmse cmnpatibility interacted with memory set aze, sho«^ that some aspect ot the 
arrangement of codes in the response take place in central processing (as defined by E. E. Smith, 
1968; Sternberg, 1969). This finding is important because it leads to the supposition that factors 
relating to the stimulus-response translation, or output side of the task, can interact with and affect 
the processing of other display and task factors, e.g. the input side of the task, due to their being 
processed at the same time. 

Hendrikx (1986) notes that the size of the slope of increase in reaction time in a choice 
reaction time (CRT) task with changes in the number of alternative choices is also a function of 
stimulus-response (S-R) compatibility, (e.g. Welford, 1968; Teichner & Krebs, 197<, and Sanders, 
1980). In his study, subjects were given a precue bleating which subset the target would be chosen 
from, and the effect of a correct or incorrect precue was assessed in conjunction with manipuladcHis 
of S-R compatibility and number of items in the memory set. The goal in these manipulations was 
to see if the precuing effects were indeed modulated 1^ S-R compatibility, and therefore whether 
precuing affected central decision processing or simply motor [wogrammipg. The results the study 
indicated that precuing reduces the processing load and the structure of response programming 
because aspects of the motor program may be completed in advance with the occurrence of an 
appropriate precue. Hendrikx concludes that S-R compatibility exclusively affects response decision 
processes in that less cmnpatible S-R relations increase the complexity of the translation fixun signal 
to response code. 
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In overview, it appears that the response mapping can have an effect cm not cmly the time 
required to perform a task, but the way that other factcws in the task affect performance. The 
effects of the response mapping be a central theme in the research described in the remunder 
of this paper. The studies described m Chapters 4 through 6 will aU assess the effects of reqmnse 
mapping to determine both the impact of response ma^qnng cm input and output prcxessing, and the 
interaction of response mapping and task demands defined by the codes used in an identification 
task. 


Summary. 

This review of the literature has illustrated that there are a variety of issues related to the 
relationship of codes and particular task demands that deserve further examination. First, it is not 
clear how the use of similar symbols from different code categories may affect information 
processing. Specifically, the literature suggests that dipts and letters may be prcxessed differently 
even when there is no explicit significance given to the digit and letter categories. Further, the 
effects of processing of symbols from one category in the presence of symbols from another cat^ory 
is unclear. Specifically, the effects of extraneous symbols cm the processing of relevant symbols 
merits further clarification, as does the processing of fully redundant symbols. Further, the effects 
processing relevant codes from multiple categories merits examination relative to the processing of 
ccxles from single code categories. Finally, the literature suggests that the presence and arrangemmit 
of different categories of codes on the respcmse side of the task may have a significant impact cm 
information processing. The spedfic nature of those effects, however, are unclear. The research 
described in the remainder of this report will describe a series of studies that address these issues in 
the ccmtext c^ an identification task and an alternative respcmse time partitkming methcxlology. The 
rationale for this methodology, its lustorical antecedents, and its applications to date are reviewed m 
the following chapter. 
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CHAPTER 2 • Response Time Partitioning Metiiodology & Modds. 

Collectively, studies which use response time as the basis for studying cognition are known 
as choice reaction time (CRT) experiments (Luce, 1966; Welfcnd, 1980^; Laming, 1968). The 
research reported in the reminder of this paper uses such a CRT procedure. However, the 
methodology employed is relatively unknown in the experimental psychology literature, and has come 
to be known as the Within-Task Subtractive (WiTS) methodtdogy. As with other response time 
partitioning methods, the WiTS methodology has become important to the study of information 
processing because the processing takes time. Therefore, udiile it may not be possiUe to study the 
actual mechanisms in the brain that control behavior, the pattern changes seen in the time 
required to process information can be studied. Hypotheses r^arding the nature of the mechanisms 
behind processing may thus be tested in terms of how those mechanisms should affect response 
time. If the tasks being measured are discrete, Le. have a definite beginning and a definite end, and 
if adequate controls and assumptions are used, it is possible to make inferences about the nature of 
the mechanisms that might have contributed to a behavior by assessing the time required to 
complete the task. This chapter reviews the major paradigms used to look inside the 'black box’ of 
human behavior, as well as the major findings and assumptions on which these paradigms are 
based^ By the conclusion of this chapter, the reader should have a theoretical understanding of the 
WiTS methodok^, and its advantages relative to the other response time partitioning 
methodologies that are currently available. The utility of the WiTS methodology will be further 
iUustrated the studies described in the remamder of this paper. 

For a comprehensive review of the use of response time as a dependent measure, the reader is 
referred to Luce, (1986) and Welford, (1980). An excellent summary of the use of Reaction Time m 
information processing is Pachella’s (1{^4) review. 
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Laming defines a CRT eiqieriment as: 

”... a series of trials, (m each of which the subject is presented with a rignal chosen 
fr(Mn a finite set of signals and makes a response as soon as possible after the si gnal 
appears. There is a definite response for each alternative signal (or dass of agnals) 
and the subject must make that re^mnse vriiich correqmnds to the signal presented. 
Although tte subject knows rougftly when the signal will come, he does not know 
vriiich signal it wUl be and is therefore uncertain about wfaidi response he will have to 
make. A typical eiqieriment involves the visual dis{day of a target or targets, vriiich 
have some meaning to the subject depending upon the instructions he has been given. 
The subject, as quickly (and aocura^) as possible, respcmds to the disfday in the 
correct maimer. The time required to do this includes not only the time to notice one 
oi a certain set of changes in the enviroiunent, but also the time to decide vriikh key 
should be pressed. A ’Choice-Reaction Time’ therefore includes decision time.” 
(Laming, 1968, p. 1) 


Teichner (1977) characterizes CRT experiments by disnissing the critical elements of tasks 
involving free recall. In these tasks, subjects are typically inesented with an array of symbols in a 
visual display. After the display is removed, the subject’s task is to identify either all or some subset 
of the targets through a series of either vocal or manual responses. Teichner notes that, because the 
display is no longer present, any responses that are made must be made from memory. Sperlingi’s 
(1960,1963) early work using free recall and a partial report procedure further demonstrated the 
existence of several types of memory, specifically a sensory store, and in so doing made it clear that 
the different processes in memory could be isolated on the basis of time. Sperling generated 
evidence that the representation in sensory memory is very volatile, and was readily destroyed by the 
disruption of the sensory presentation, while that stored in working memory was mudi more 
enduring. Thus, it is generally agreed that tlmre b at least one additional kind of memory vriiidi is 
suitable for the longer term storage of the information in the display. This mem<»y is referred to as 
shcHt-term memory or working memory (Broadbent, 1971). 


In order to study the manipulation of information in memory, Le. processing, it is desirable 
to try and identify and study changes in each of the processes thought to occur in the course of 
performing a task. Therefore, various researchers have devekqied theoretical models of vriiat 
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processes they believe take place in the course of performing a discrete task, and have then 
developed procedures that partition the total response time into portions that reflect the different 
theoretical processes. These procedures are referred to as response time partitioning methodologies. 


The ideal respcmse time partitioning methodology should generate measures that are as 
independent as possible from any particular model (rf information processing. This ideal 
methodology will generate empirical results that do not rely on underlying assumptions, and 
therefore any results obtained using the methodology will have generality beyond the theoretical 
framework in wluch the methodology was developed, (Tekhner, 1977). There have been three 
major paradigms applied to the problem of stud|]^ human behavicn thropgh the partitioning of 
response time. They meet Teichner’s criteria for the ideal measure processing to various d^;rees, 
as evidenced by the assumptions they employ in partitioning ret^mnse time, and the criticisms have 
arisen from those assumptions. Two of these response time paititkming procedures are fairly well 
known and documented in the literature. These have come to be known as the subtractive method, 
developed by Donders (1969), and the additive factor method, developed by Sternberg (1969). The 
WiTS methodology, which is that used m the researdi described in the remainder of this report, has 
received relatively little attention, due, in part, to Teichner’s death shortly after it was developed. 
Therefore, a considerable portion of this chapter will be dedicated to reviewing its assumptkws and 
applications to date. 


Donders’ Sabtracffve Method. 


The earliest successful attempts to use response time as a basis for stud]^ human 
cognition through the use of response latency are vndely attributed to F. C. Donders (1868). 
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Donders began his research with a model of processes (sta^) that occurred between the onset of a 
stimulus and the execution a response. TIus model is shown as Figure 2-1. In the model, the 
time between the occurrence of the Stimulus (S) and Response (R) consists of a series of discrete 
mental acts, such as the time to sense (detect) that a ugnal had occurred, the time to identify what 
that signal was, and the time to determine what reqmnse was to be made to the signal presented. 
Donders then prcq>osed a method for determinit^ the duration of the various stages. He suggested 
that the time to carry out a specific mental subivocess which occurred within each stage could be 
inferred by running pairs of trials that are identical in all respects except that in one the sidjject must 
use the particular process while in the other it is not used. By subtracting the time required for 
performing the task without the process (or stage) of interest from the time required to perform the 
task with the process of interest, one could obtain an estimate of the time required for an individual 
stage. 


Donders’ seminal paper reported data for several different classes of stimuli invrdving both 
simple and choice reaction times. In his first experiment, Dcmders used speech sounds as stimuli, 
and measured the time required for subjects to produce the same speech sounds after hearing a 
spoken stimulus (Woodworth, 1938). In later studies li^ts were used as stimuli and buttcm presses 
were used as responses (Luce, 1986; Welford, 198(f). In v^t was effectively a simple reaction time 
task, Donders would pronounce the syllable "Ki” and the subject would respond by pronouncing the 
same syllable as quickly as possible. Donders termed this the a-reaction, and consisted only of the 
time to centred and execute a motor response. On average, Donders found the n-reaction to require 
197 msec In what was termed the h-reaction, Donder > would pronounce any one of the five 
syllables "Ka, Ke, Ki, Ko or Ku”. The subject responded by pronouncing the same syOabie. This 
reactitm, which entailed the recognition that a signal occurred, the time to identify the signal, and 
then the time to choose the correct response, required 285 msec on average. Finally, the c-reaetkn 
involved the time required between the experimenter’s pronouncing any of the five sjdlaUes and the 
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subjects respoudiag only be heard the ’Ki* s^laUe. The c-reactioo was aiigued to consist of 
the time to recognize that a signal had occurred and to identify udiich signal had occurred, it 
required 243 msec, on average. 

Dcmders argued that the difference between the time required for the reactions 
corresponded to the difference in the time requirements for theoretical stages present in the 
different reactions. Subtracting the time required for tlm u-reactkm from the time required for the 
c-reaction corresponded to the time required for a sin^ sensory discrimination because the c- 
reaction theoretically contained a single discrimination, v^e the u-reaction contained none, (c-a = 
46 msec.). In all other respects, both procedures were assumed to have the same basic 
requirements. Subtracting the time required for the c-reaction from the time required for the b- 
reaction corresponded to the time required to chose among the available responses since the h- 
reaction had multiple choices while the c-reaction had only one, (h-c = 42 msec.). 

While the subtractive method was used extensively through the late 1800’s, it has been used 
relatively little since the early 1900’s because of a number of criticisms. Luce (1986) collects these 
into four major categories. The first, which Donders himself discussed, is that subjects may not 
always wait until a signal is identified before initiating a response. Trials that are antidpated are 
problematic because they cause the time required for identifying a stimulus to be underestimated, 
and this in turn leads to over estimation of the time required to chose among the resprmses vdien 
the subtraction of time estimates for each of the stages is performed. This criticism may be valid for 
other approaches to partitioning CRT as well, and has not proven fatal to any of them because there 
are methodological and statistical procedures available to help deal with the problem of subject 
response antidpation (Luce, 1986; Laming, 1968; Woodworth, 1938). 
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The second majoi category of critidsms centers around the assumption dioice as being a 
purely serial process. While Donders did itot explicitly make this assumption, his work does 
implicitly rely on it because, in order for the times for each the separate processes to add, they 
must each occur in a distinct, sequential and non-overlapping sequence (Tekhner & Krebs, 1974). 
Again, as will be made clearer in the discussion of the additive &ctor method below, there are 
empirical means by udiich to assess the validity of this assumption, so it need not be fatal for the 
application of Donders’ subtractive approach. 

The third class of criticisms relates more to the specific procedures used by Donders in 
developing his approach to partitioning response time. The criticism, vdiich was fint pointed out by 
Cattell (1886) is that Donders’ c-reaction involves more than pure identification sin % the subject 
performing the task must in fact make a response decision in performing the task. In the c-reaction, 
the subject was to respond when one stimulus appeared, and not if some other stimulus appeared. 
However, in choosing whether or not to respond, the subject has in fact made a choice, and 
therefore the c-procedure does entail a choice, contrary to Donders’ assertion otherwise. Welford 
(1980) suggests that despite this problem, the empirical e>ddence does suggest that Donders’ 
approach was essentially correct, and the main consequence is that, Donders’ procedure will over 
estimate the time required for recognizing that a stimulus has occurred. Thus, the c-procedure does 
involve less choice than the h-procedure, and Donders was simply wrong m as.suming that all choice 
of response was eliminated in the c-reaction. Therefore, this criticism, udiile problematic for the 
subtractive method, does not eliminate its utility in understanding performance and comparing the 
effects of various manipulations on the times required for the different procedures. 

The fourth class of criticisms has proven to be the most problematic. In fact, this criticism 
has proven a major factor in putting the subtractive method out of favor with cognitive research 
since the early 1900’s. This criticism involves the assumption of 'pure insertion''. Pure insertion 
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refers to the assumption that it is possible to add or remove a stage of processing without in any way 
affecting the remaining stages (Luce, 1980; Sternberg, 1969). If this assumption is not valid, then the 
differences between reaction times in the different procedures can not be identified as representing 
the duration of the inserted stage, but may in fact be due to changes in the remaining processing 
stages as well as, or instead of the removal of the stage. Donders did not appear to be aware of this 
criticism, and there is little one can do to empirically test this assumption (Luce, 1980). However, 
Briggs has generated data that lend support to the validity of this assumption in that he generated 
independent estimates of the duration for the a, b, and c reactions using additive-factor 
methodology. This would suggest that the assumption of pure insertion may be appropriate, at least 
under some conditions. 

A fifth category of criticisms has been presented by Teichner & Krebs (1974). They note 
that in effect, the a-procedure corresponds to simple reaction time. Simple reaction time in the 
Donders model represents the sum of various neural transmissicm la g^ and is implicitly assumed to 
be a constant for any level of stimulus energy. There is empirical data, however to show that this is 
not the case, and in fact is a pseudo-random variable, and an alternative conceptualization, such as 
that of the random-walk model might be more appropriate to describe the performance seen in 
simple reaction time (Teichner & Krebs, 1974; laming, 1968; Htts, 1966). The consequence of the a 
component being a random variable is that the estimate for the choice (b) component of the model 
also becomes a random variable, and the estimate is likely to differ depending on the particular 
stimuli used in the subtractive estimation procedure. Such a result suggests the finding s from a 
study using the subtractive method would not be generalizable, and therefore have limited utility in 
predicting performance in studies where different stimuli are used. 

A sbcth category of general criticism is suggested by Pachella (1974), and is related to the 
assumption of pure insertion. This criticism centers around the starting point in Donders’ approach 
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to response time partitioning which is fairly sophisticated. That is: Tn order to construct a 
comparison task, one must already know the sequence of events that transpire between stimulus and 
response.” (p. 47). Knowdedge of the order of events is rarely available, and represents a very 
sophisticated assumption based on logical or intuitive, as opposed to empirical justification. 
Therefore, use of the subtractive methodology requires that the researcher make a rather bold and 
unsubstantiated assumption about the nature of stages which are present in order to employ the 
subtractive procedure. 

The numerous criticisms of Donders’ subtrai^ve approach to partitioning response time 
have led to its relatively infrequent use in modem cognitive psychology. However, response, 
(reaction), time continues to be an important part of cognitive research. One reason for the 
continued popularity of response time as a measure of human information processing is the 
availability of alternative response time partitioning methodologies, the best known of which is that 
developed by Sternberg, (1966), which is commonly referred to as the additive factor method. 


Stembeig’s Additive-Factor Method. 

While Donders’ focus in cognitive research was to identify the duration of stages in 
processing that had been selected on an a priori basis, Sternberg’s (1969a, 1966) approach to the 
partitioning of response time was developed with a concern for: 1) determining what and to v^t 
degree different eiqwrimental factors affected the same stages of processing; and 2) identifying v^t 
stages might in fact constitute processing in a CRT task. Sternberg revised Donders’ method of 
subtraction to create what has come to be known of as the additive-factor method. The essential 
difference between Donders’ method and Sternberg’s lay in the Donders’ reliance on the assumption 
of pure insertion, i.e. that stages in processing could be added and removed from a chain of 
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processing stages without affecting the remaining stages. Sternberg suggested an alternative 
assumption, namely that variables could be manipulated that (mly affected some stages and not 
others, rather than eliminating them. The effect seen from manipulating these variable wcnild show 
up as patterns in the way different variables did or did not interact with each other. This 
assumption, though weaker and less stringent than Donders’ assumption pure insertion, would 
prove very useful because it allows the existence of stages to be empirically tested in a manner that 
was not possible with the subtractive method. 

Sternberg (1966) demonstrated this methodology with a task vdiere subjects memorized a 
short list of letters at the start of each experiment trial. This list is referred to as the (positive) 
memory set. The subject was then presented a probe stimulus, (visually in Sternberg’s original task), 
and asked to classify the target as being present or absent in the memory set by pressing one of two 
response buttons as quickly as possible after the presentation of the probe stimulus. The time 
required from the onset of the probe unUl the execution of the response defines the reaction time. 
This binary classification task is the heart of the Sternberg procedure, and is the core task for all 
conditions within the additive factor methodology. 

The additive-factor methodology manipulates at least two aspects, or factors, of the binary 
classification task performed by the subject. The researcher can then assess how the reaction times 
obtained from different levels of those factors interact. The additive-/ 0 c(or method receives its name 
because it involves the performing of multiple ctunparisons of the same task with multiple levels of 
each of the factors of mterest being compared to each other. The presence erf stages is inferred 
empirically by assessing the ”... pattern of data vdiich b the result of a set of operations”, (Pachella, 
1974, p. 51). For example, Sternberg’s (1966,1969a) oripnal procedure manipulated the number of 
items (letters) present m the positive memory set and the legibility of the probe stimuli presented on 
the display. Sternberg made the assertion that the number of items that had to be compared in 
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memoiy would affect a central processing stage in memmy (Figure 2-2). This assertion was based 
on the observation that the number of alternatives generated a function corresponding to the 
information content defined by the ^ of the memory set (Hyman, 1953; Hicks, 1952; Merkel, 

1885). If the legibility of the targets affected the same (central) processing stage, there would be a 
statistically significant interaction between the two factms: number items in the memtwy set, and, 
levels of legibility of the probe stimuli. Sternbergs results showed that ndiile there was an effect of 
reaction time due to stimulus legibility, there was no statistical interaction between the target 
legibility and the number of items in the memory set. This led him to the conclusion that the 
lepbility of the probe stimuli affected only sensory processing, i.e. the way information was collected 
from the display prior to being sorted as information. These, and bter results generated support for 
a four-stage processing model, which is shown as Figure 2-2. 

Sternberg’s additive-factor method has proven popular in the conduct of information 
processing research for a variety of purposes. The focus of this research has been of two general 
types. Research such as that of Morrison, (1987), has applied the additive-factor method to such 
problems as the effects of different information coding dimensions on information processing, which 
are centered around a concern with what factors affect the different stages. Work such as that by 
Briggs and his students has focused on extending the logic of the additive factor method to identify 
different stages and assess their duration within the general model proposed by Smith (1968) and 
Sternberg (1969a). Spedfically, Briggs and his students have used the additive-factm: methodology 
to: 1) assess the impact of differential information properties among the pomtive and negative 
memory sets to assess information processing of the sets; and 2) to identify what subprooesses could 
be identified within the different processing stages^ (Mudd, 1983). 

^See the following for extensions of the additive factw methodology in identifying stages of 
processing: Briggs & Blaha, 1969; Swanson & Briggs, 1969; Briggs & Swanson, 1970; Briggs, Peters 
& Fisher, 1972; and Briggs, Thomason & Hagman. For a comprehensive survey and analysis of 
Briggs’ work see also Mudd, 1983. 
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Despite its popularity, the additive-factor method has received critidsm, mostly centering 
around the assumptions necessary to utilize it rather than around any fundamental logical proUems 
per se. This is v^y the method has, and still does, remain in use for the study of human information 
processing. The first criticism has centered around the assumptkm that the manipulations of factor 
levels may cause a fundamental change in the nature ctf processing. Fw instance, it is conceivable, 
though arguably unlikely, that changing the fact(»s manipulated in the additive-factor method may 
also change the order in v^ch stages of processing occur. Such an argument seems unlikely, and 
there has been no definitive empirical support shotting that this happens. None the less, it remains 
a popular argument. However, this argument has taken another form v^ch has proven somevrfiat 
more problematic. This argument is that procesting might be more appropriately characterized as 
parallel rather than as a series of non-overlapping sequential, and therefore stochastically 
independent stages^. The requirement of the additive-factor method for a series of stochastically 
independent stages has not been definitively proven as appropriate or inappropriate, and therefore 
remains an assumption to be accepted or rejected at the discretion of the individual researcher. 

A second criticism, and one for ndiich Sternberg himself urged caution, relates to the 
assumption of additivity in multi-factor experiments. In essence, the failure to find a significant 
interaction between the levels of two (or more) factors in an additive factor experiment is taken fw 
evidence that the two factors are simply additive in their effect on processing, and their effects are 
represented by the intercept term in the additive factor model, (Luce, 1987). However, as pointed 
out by Pachella, (1974), this amounts to accepting the null hypothesis concerning the interaction of 
the two (or more) factors. Great caution needs to be exercised before this is done. The proUem is 

* Alternative models have been proposed to account for the results of binary classification 
mqperiments. Ellis & Chase, (lSt71) proposed a parallel processing model. What has come to be 
known as a cascade model where the stages are serial, but overlap in time, was established by 
McClelland (1979) and confirmed by Ashby, (1982). Morrison, (1987) resorted to a cascade model 
to account for non-linear effects as a fiinaion of the interaction of memory set size, hue and 
stimulus contrast in a binary classification task. See these authors for a more extensive discussion of 
alternative processing models to that advocated in the additive factor method. 
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generally surmountable, however, through the use (rf aj^c^mate controls and precision in the 
conduct of the eiqjerunents (see for example the work Briggs and his students). 

Another major criticism of the additive factor method, and one idikh is relevant to the 
subtractive method as well, is the issue of speed-accuracy tradeoffs. Sternberg, like Donders, simply 
assumed that subjects could, and would, perform their tasks as quickly and accurately as possiUe, 
and therefore there would be no need to assess if individual subjects were ehunging their criteria 
performance with regard to speed and accuracy (Luce, 1986; Pachella, 1974). This becomes an issue 
because it has been shown that subjects can become more accurate in making decisions by slowing 
their rate of responding or become less accurate in responding by increai^ the rate at which they 
respond. Thus, in effect it is posuble for speed and accuracy to be perfectly confounded for an 
individual subject. This criticism is readily dealt with, however, by measuring both speed and 
accuracy in a procedure and comparing the relative changes in each measure as a function of the 
experiment manipulations, (Pachella & Pew, 1968). 

The final problem 'mth the ad^tive-factor method that will be discussed has to do the 
degree to which it can be applied in domains other than the binary classification task. The in-oUem 
arises in the conception of vdiat constitutes an ’information processing’ stage. The definition is fairly 
dear as long as one sticks to the basic procedure and manipulation employed by Sternberg, i.e. the 
number of elements in a memory set. However, as one moves from the dcnnain of the Innaiy 
classification task to other domains, the relevance and appropriateness of the definititm within the 
additive-factor methodology is often less certain and can become controverdal. In effect, the 
questum of the relationship of the research outside the Innary classificatioo task to that which utilizes 
it becomes an empirical question, and not one which can be readily resolved on a theoretical bask 
(Luce, 1986; Pachella, 1974). However, this omcem has limited the utility of the additive factor 
methodology, and applicability of its findings to real-world human performance problems. 
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Teiduier’s WitUa-Task Sabtractive Method. 


Teidmer (1977,1979) developed vd>at has been referred to as the Within-Task Subtractive 
(Vl^TS) method for partitioning response time to assess in more detail the eqierimental paradigm 
for free recall, such as that used by Sperling (I960,1963) wherein the effects of sensory memory 
were isolated fr(Mn those of working memory. Teidmer reasoned that it mi^ be possiUe to isolate 
other memory phenomena, such as that of resp(mse Mocking^. The question vdiich came to be (rf 
interest for Teidmer was if such phenomena could be isolated in terms of being either an input or 
output phenomena. The search for an alternative procedure udiich would be more robust than those 
of the subtractive and additive factor methods and would avcud their criticisms amtributed to his 
developing the V^TS methodology, (Teidmer, 1979,1977). 

Considerable time will now be spent in describing the development of this methodology and 
its basic assumptions. This is done for three reasons. Rrst, the WiTS methoddogy should have 
significant appeal to both the applied and theoretical researcher because it has fewer and less 
stringent assumptions than the alternative response time partitioning procedures available to the 
human performance researcher. The fact that there are fewer assumptions means that the WTTS 
methodology should be applicable to a wide variety of research problems and dmnains, many of 
vdiich were not readily addressable vnth the earlier partiticming methods. Second, the Wi'1'5 
methodology has remained relatively obscure, and as such the reader is less likely to be familiar widi 
it than the more prominent subtractive and additive factors methodologies. Third, this methoddogy 
will be the focus of the research described in the remainder of this report. The remainder of this 
chapter, therefore will review Teichner’s development of this methoddogy, and then will survey its 

Response Blockingf as defined by Teidmer (1978,1964) refers to the jdienomena m immefiate 
recall paradigms where the subject is unable to 'get the response out*, thou^ it is dear that at least 
s(Mne representation of the response is available in memory. It is analogous to verbal tqnif-tlK 
tongue” experiences. 
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application to date. Rnally, the issues to be addressed in the studies described in Queers 3 
through 8 will be introduced in the context of the WiTS methodology and model 

Teichner developed the WiTS methodology by bepnnii^ vrith the assertion that fdknring 
the onset of a display, the stimulus items |»esented in the display are somdiow acquired, encoded 
and stored in a final non-sensory memory. AO these activities are defined as belonging to "input*. 
Further, all activities that follow the storage of information m memory, mrltMimg response selectkm 
and execution, are defined as belonging to "output*. This model is shown as Figure 2-3 The sole 
goal of the WiTS methodology is to separate temporal requirements of input from those of output, 
(Teichner, 1977). Teichner notes that the only requirements of a processing model thar are critical 
to this methodology are: 

1) The requirement for a non-sensory (e.g. working) memory, and 

2) The reqiurement that mput stops and output begins when all the items to be stcnre in 
memory, have been stored. 

Further, precisely what happens within the input and output stages exceeds the requirements and 
concerns of the fundamental model. However, as shall be pomted out in Chapters 4-8 of this report, 
it may be possible to make inferences about those processes in mput and output and how stimuli are 
processed within them. 

The task Teichner developed to exemplify this methodology is characterized by the 
presentation to the subject of a multi-cell display matrix and a response parrel with multiple 
responses. The stimuli to be processed are |uesented in some or aU of the cells within the display 
matrix. After a set period of time, or beginning with the subject’s first reqxmse, the display matrix 
is removed frrmi view and the subject responds as quickly and accurately as possible by pressing 
buttons on the response panel in series with a single finger. Succeeding trials may be initiated 
the subject’s pressir^ and holding a "Home" button on the re^wnse panel the release of which 
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blanks the display and serves to ensure that each response sequence begins from the same point on 
the response panel The response time on each trid is measured from the onset of the disiday. 
Re^mnse times are measured for each of the reqxmses made on the response panel Output time 
is defined by determining the mean time required for eadi of the second thrm^ final reqwnses on 
any given trial This time is denoted as the dme per response (t/r) in Tekhner’s artides. The first 
respcmse on any given trial included the time to input the information of the display to memory and 
make the first response. Therefore, input time is calculated as the response time for the first 
response less the calculated output time for one response (t/r).^ 


In order to further analyze what is provided by input time and t/r as such, Tekhner 
suggests that two additional assumptions are required. Note, however, that these assumptions are 
not required for the methodology per se, but rather, allow input time to be converted to a rate 
measure comparable to t/r. These assumptions are: 

3. At least some portion of the mput involves handling the stimuli m a serial manner. This 
assumption is explicitly required if input time is to be converted to a rate measure. 

4. Everything that is in memory receives some degree of output processing. Given that there is 
no direct way to assess the contents of memory, and/or precisely what the subject looked at, 
this assumption makes it possible to assign the loss of information to input or output^. 


‘The observation that input time is calculated by subtracting the mean time per response for the 
second through final responses on any given trial from the time to make the first response on the 
same trial is what led Corso & Kelley, (1983) to coin the name *Within-Task Subtractive (WiTS)* to 
describe Teichner’s partitioning methodology. 

^It will be shown in the studies described in the later chapters of this report that it may be 
possible to work backward from the empirical drtta and speculate, to a limited degree, on the 
contents of memory, Le. to reverse engineer the performance seen. This is possibk by adopting a 
technique wmilar to that used in the additive factOT methodology wherein the interacdoo of certain 
experimental manipulated factors are assessed in a factorial design to assess how they affect 
processing in input and output. This approach may make this assumption uimecessary. Further, the 
use of eye movement measurement techniques and the assumption that visual dwells correqmnd to 
the input information may allow this serial input information to be assessed empirkally. See 
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Teichner spends a considerable amount of time asMtsiang the means by udiich to assess the 
rate stimulus input, denoted as the time per stimulus (t/s). The issue ^irfiich arises in assessing t/s 
is whether t/s should be calculated on the basis oi the number of explicit stimuli in the disjday (N^) 
or the number of responses required to complete a trial (N^). Teichner was concerned with the 
calculation of t/s in the event of the occurrence oi trials ndiere subjects made incorrect re^mnses. 

In order to deal with the problem of calculating t/s when the number of reqxwses did not equal the 
number of responses expected, e^ the number (A stimuU (N^, He discusses this issue through the 
use of four cases, which shall now be described in turn. 

Case 1 . If an independent variable is manipulated, and an effect is found in t/r but not in input, 
then the loss of information is in the output, and assumption 4 is not relevant to the calculation of 
t/s. On the basis of assumption 3, t/s should be defined by dividing input time by the number of 
stimuli (N^. 

Case 2 . If an independent variable is manipulated, and an effect is seen neither in input time or t/r, 
then assumption 4 is relevant, and t/s is defined on the basis of dividing input time by the number of 
responses (N|^. 

Case 3 . If the variable has affected input time, but has not affected t/r, then on the basis of 
assumption 4, t/s is defined on the basis of 


Chapter S for a more in depth (hscusuon of this topic. 
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Case 4 . If the independent variable has affected both inpot time and t/r, the loss of information in 
processing cannot be known a {ariori. Therefore, Tekhner (1979,1977) argues that the t/s cannot be 

a 

calculated in a meaningful way. 


Appllcatimia of the Wlthin-TaA Subtractive Method. 

The remamder of Teichner’s (1977) technical repwt is dedicated to illustrating the utility if 
the idea of input and output time in understanding information processing. This is done in the 
context of Sve eiqieriments, each of v^ch will now be summarized briefly. Much of this work is 
also described to varying degrees in Teichner’s, 1979 article. 


Experiment 1. Teichner’s first experiment using the WiTS methodology manipulated two factors: 
The number of targets presented on the display and the duration the information was left visible on 
the display. Both of these factors were completely crossed. However each experiment session had a 
single condition presented m it. 1, 2, 4 or 8 di^ts were presented at random on a 4x4 cell matrix for 
100, 200,400 or 800 milliseconds (msec.). Respcmses were made on a 2 row by 3 column matrix of 
response buttons. The results of this study showed a systematic increase in total time, input time, 
the number of responses made and the number of correct responses with increases in the number of 
items to be identified. Duration that the display was on the screen was found to affect mainly the 
case where 8 targets were presented on the display, at which time there were far fewer responses, 
(correct and mcorrect), and much shorter total and input latencies on the task with the shorter 
display durations. The important findings from this experiment were that: 


n 

Case 4 can be somewhat problematic for the apfdied researcher because it is not unreasonable 
to ejq>ect that the occurrence of errors when both input and output are significantly affected by some 
variable would happen on a fairly frequent basis. There is howmr, a solution to this problem. 
Corso & Kelley (1983) and Morrison, Corso & Yuasa (1989) adr^ed a procedure whereby the iiqrat 
and output time measures are calculated only for those trials wherein all the relevant stimuli are 
identifi^ ccvrectly, and there are no extra responses. In this case, the issue of t/s is straightforward 
because in all cases. This approach, is in fact common to the subtractive and additive factor 

methodolc^es. For more discussion of the issue of Ng and what constitutes a distinct stimulus in 
the display, see Chapters 6 and 7 of this report. 
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1.1 ToCal time was qualitatively similar to input time showing similar effects with similar 
magnitudes of change. Output time was qualitatively different frmn both total and input 
time. 

1.2 The loss of information in incorrect trials was attributed to [tfocessing on the input side 
because that is vriiere the effects of display density and display duration were found. The 
t/s was therefore calculated on the basis of N^. 

13 Assessing t/r with and without the inclurion of movement times showed that regardless of 
the inclusion of movement times, t/r varied little and unsystematically with the factors 
manipulated in this eiqieriment. 

Experiment 2. This experiment represented a slight modification to experiment 1 because the (Mder 
of conditions was randomized within each block, Le. sulqects did not know until after each trial was 
presented how many stimuli would be present. In addition, only the shorter display duration times 
(100, 200 msec) were used. No rignificant t/r effects, nor t/s effects were found as a function of the 
number of stimuli presented on the display. The important conclusions from this study are: 

2.1 When subjects could not anticipate the number of stimuli that would appear, they apparently 
adopted a slow, i.e., conservative, rate of input as measured by t/s as a processing strategy. 
As a result, there were fewer responses made, correct or otherwise. 

Experiment 3. This experiment was designed to assess the effects of display organization cm input 
and output time. Teichiter argued that the organizatkm of elements cm the display should purely 
affect input, and that this would be reflected by s^nificant effects for input time, imt not for t/r. 

The display used in this study consisted of a 2 row by 4 column matrix, in which all cells were filled 
with stimuli, ix. display size had 1 level with ei^t elements. Display durations of 100, 200, 300, and 
400 msec, were used. Major findings for this experiment were: 

3.1 The total time required to perform the task depended in part on {vactice. 
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32 The number of responses made, and the number of correct responses depended on the 
display duration. 

33 Neither input time or t/r were affected by the duration of the display. 

3.4 Comparing the results of this study, (where the position all the display elements would 
appear was perfectly predictable), to those of the earlier esqperiment, (where the position of 
the stimuli within the display matrix was unpredictable), showed that the predictaUe displays 
were faster as measured by total time and t/s when the display positions were predictable. 
Further, the t/r’s for the predictable and unpredictable conditions were comparable, 
supporting the argument that display organization is a factor affecting input processing. 

33 There were practice effects as measured by both t/s and t/r. However, these effects were 
different as a fimction of display organization. Input effects were non-linear, particularly 
with the more organized display where performance as measured by input showed an initial 
large loss in performance, from which it rapidly improved. Output showed a linear 
improvement as a function of practice regardless of the organization of the display. Again, 
this supports the proposition that organization in the display is an input variable. 

Experiment 4. This ejqieriment adapted Sperling’s (1960) partial report procedure to the omditions 

used in experiment 3. In this study, a probe was given wdiich (depending on the group) mdicated 

which of the four (two element) columns were to be identified or which of the two (four element) 

rows was to be identified. The major findings of this study were that; 

4.1 The use of a probe served to reduce total time reqmred to complete the task, input time, 
and t/r. 

42 The locus of the probe effect was found to be in input processing. Again, Teichner argues 
that this supports the utility of the WiTS methodology, because one would expect display 





NAWCADWAR-92088-60 


39 


effects to be in mput, as well as providing empirical support for the existence of a short¬ 
term storage (working) memory. 

Experiment 5. E]q)eriment S was yet another variation of the organization o( stimuli on the display. 
In this study, all stimuli were presented within a 313 matrix mi the disfday. However, the display 
matrix was presented entirely in central vision. Further, an aspect ot the response side of the task 
was manipulated in order to assess its effects on input and output This factor was vriiether labels 
were present or absent on the response panel buttons. Duration of the display and number of 
stimuli on the display were manipulated as well. The major results of this study were: 

5.1 Neither the number of responses made, nor the number of correct responses, were affected 
by the presence or absence of labels on the response panel. 

5.2 There was a display duration by stimulus density interaction for total time, input time and 
t/r which showed that the time per response increased when a large number of targets were 
presented, particularly when the presentation of those stimuli was brief. This is consistent 
with the findings of experiment 1. 

5.3 The absence of labels was found to influence total time, and t/r. Further, there was an 
interaction between the presence and absence ot response labels and the number of stimufi 
that were to be identified. This shows that at least some of the processing associated widi 
the labels on the response panel occurs during output. 

5.4 With regard to input time, this study showed that the removal of labels from the respcmse 
panel added a constant to input time. However, there was no display den«ty by label 
interaction. Therefore, it must be concluded that some processing of the response panel 
occurs during input. 

SS The largest effect for response labeling was in output, as would be expected based cm the 
definition of output. 
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In summary, Teichner’s early studies using the WiTS method succeeded in showing the 
utility of both the concept of input and output and the operational definitions he generated to 
measure their duration. The locus of a number significant effects was determined, and 
appropriate effects were found for both input and output. Exposure time of the display was shown 
only to affect input. This makes sense because ”... r^ardless ot stimulus persistence in sensory 
memory, the time that the stimulus is available must fvecede storage in ntm-sensoiy memory." 
(Teichner, 1977, p. 44). Density ought to affect input, as.suming that mput is at least in part a serial 
process. Density should also affect output given that the tasks used demand serial output by 
definition. This was found to be the case. Whether or not display density should affect t/r cannot 
be stated a priori, and was therefore treated as an empirical question. The results of Teichner’s 
studies showed that when response uncertainty is high, t/r is affected by the number of stimuli which 
must be identified. Further, the results of these first WiTS studies demonstrated that the encoding 
for the response takes place during both input and output processing. 

A final point that merits discussion, although Teichner does not explicitly discuss it, is the 
finding that the duration of the display did not ,Jfect t/s or t/r. Significant effects for the shorter 
duration displays were only found when eight stimuli were to be presented, and the only measures 
that were affected were the number of responses that were issued. If t/s is calculated in terms of 
N](, neither t/s nor t/r were significantly affected by stimulus duration. This lends support to the 
viability of assumptions 2 & 3, because if input does not stop when output begins, it would be 
expected that removing the stimulus display prior to the end of input processing would cause t/s to 
be shorter relative to conditions where subjects have the display available as long as needed. 
Apparently, the short duration of the display when eight stimuli were present caused input 
processing to stop, and only those stimuli that had been processed from sensory memory to working 
memory were processed in output. Thus, t/s remuned stable despite the chanpng display duration. 
These early WiTS studies provide support for two WiTS assumptions, i.e. 1) that input stops and 
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output begins when all the items to be stored in memory have been stored in memory, and 2) rhat at 
least some portion of input processing is serial in nature. 

Despite Teichner’s promising early results with the V^TS methodology, few researchers have 
employed it since it was initially proposed. There has been no criticism ot the methodcdogy 
presented in the literature. The failure to pursue the methodology may be attributed, at least in 
part, to Teichner’s death shortly after his initial work unth the WiTS technique was published. 
However, there are five additional studies using the WiTS methodology to date. These shall now be 
briefly reviewed here. 

Williams (1977) assessed Stroop task phenomena in terms of its effects on input and outpitf 
as defined by the WiTS methodology. Experiment I in her report described classic Stroop 
phenomena vdiere there is an increase in the time required to identify colors udien they are 
presented in the form of contradicting color names relative to the time required to identify color 
names when they are presented in achromatic color, (e.g. green letters used to spell the word RED 
versus the word RED printed in black). The study manipulated 1) the amount of information as 
defined by the number of relevant targets on a display to be identified, 2) the particular stimuli on 
the card, i.e. color names written in black, color names written in contradicting colors. Irrelevant 
stimuli on the displays took the form of rows of X’s printed in either the same chromatic colors 
being used as relevant stimuli or achromatic color (black). Williams found classic Stroop (1935) 
effects as measured by total time, input time and t/r, wherein the Stroop conditions took longer to 
identify as measured by all three latencies. Further, she found that the more information in the 
display, the greater the total, input and t/r, as well as a significant coding by amount of information 
interaction as measured by t/r. Because both input time and t/r were affected by the coding 
(Stroop versus non-Stroop) manipulation, Williams concluded that both input interference and 
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output competition accounted for stroop phenomena. Thus, both input processing and output 
processing effects contribute to the Stroop effect. 

A second study was reported by Williams (1977) wherein reverse Stroop {diemnnena was 
investigated. In this study, subjects identified the colors of the words and ignored the odor names. 
Also, the response panel was labelled with achromatic color names, and patches of color to 
determine how response labelling affected input and output processing. The results of this study 
showed that Stroop type stimuli still took longer to process than non-Stroop stimuli as measured by 
total input and output time. However, the response panel labeling effect had a locus that was clearly 
in output processing as measured by t/r because the color names were significantly slower than the 
color patches as measured by this variable. Further, there was an interaction for t/r between 
response panel labeling and number of stimuli. Th»efore, Williams concluded that while the Stroop 
effect is a product of both input and output processes, the majority td* the effect is due to output. 

The importance of the Williams (1977) study is that it confirms the basic results obtained by 
Teichner (1977) and fiuther, demonstrates the utility of the WiTS methodology in assessing display 
coding and information processing issues. The utility of the WiTS methodology was directly 
compared to that of the additive factor method in a later study by Corso & Warren-Leubecker, 
(1982). This study modified the W^TS methodolt^ so that the task could be directly ounpared to 
that of the binary classification task that is the basis of the additive factor method. Their results 
showed that effects that were masked in the analysis of the binary classification task were evident in 
the use the VfiTS methodology. On the baw these results they advocated the use of the WiTS 
methodology in the study of human cognition. 

Corso & Kelley (1983) also examined the results from a binary classification task in terms of 
the WiTS approach to response time partitioning. Again they performed two ejqwriments. In the 
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first experiment, subjects were to identify the number of stimuli that appeared in the dis|4ay. In 
addition, the stimuli to be identified were manipulated, and could either be *X*s or the wwd 
"INITIATE". Subjects were told to identify the number of relevant targets by {nesang one ol two 
response buttons, one of which designated that X*s had been presented, the other of vrfiich 
deagnated that INITIATE stimuli had been presented. Subjects were also asked to perform the task 
using either their left or right hands. It was argued that, if there was a difference in the time 
required to identify the two types of targets, the effect should have its locus in input. Handedness, 
however should have its locus in output. The results of thi-< study bore out the expoCied effects fw 
input and output. In addition, the Teichner procedure was modified by M-«ng percent correct as a 
measure of performance accuracy, and e liminating the incorrect trials from the latency analyses. 

The results for accuracy showed that as the number of targets to be identified was increased, 
accuracy decreased. 

A second experiment was performed in which a series of odlumns consisting of X’s and O’s 
were presented on the display sequentially. Subjects would either indicate the number of X’s, by 
pressing one response button or identify the number of O’s by pressing a second response button. 
The response button would be pressed to indicate the number of X’s and O’s depending on which 
was the relevant stimulus. The relevant stimulus was determined by a criterion based on the 
proportion of X’s and O’s that were in the column. When the number of X’s met or exceeded the 
criterion set by the ejqterimenter at the start of the trial, the cwrect response would be to {ness the 
X buttcm once for each X that had been present in the column. When the propwtions of X’s was 
less than that specified 1^ the experimenter, the subject was to identify the number of O’s that had 
been present in the odumn by pressing the O button once for each O that had been in the column. 
An additional manipulation was introduced to see if processing could be interrupted by presentiqg 
an audio tone immediately after the first identification response had been given for a ccdumn oo 
some number of trials. The results showed that: 







44 


NAWCADWAR-92088-60 


1. Display load and the prt^KHtion of stimuli that are relevant to the riA impact input time. 

2. When the {voportion of targets to non-taigets was equal to 50, the task was the most 
difficult as measured by latency and accuracy. 

3. Increasing the difficulty of the task through the manipulation of display load and the 
occurrence (rf task interference as the task is being performed impacts both input and 
output processing as measured by both latency and accuracy. 

4. Evidence was found that suggested a shift in procestiqg strategy as a function of the 
proportion of targets to non-targets in a display. This strategy affected both the rate di 
input and output as measured by the WtTS methodology. 

The importance of the Corso & Kelley (1983) studies are that they: 1) utilize percent 
correct as a measure of performance accuracy, 2) assess input and output time (mly on the basis of 
correct responses, 3) attempt to use the WiTS methodology to assess the locus of such factors as 
handedness, target code type, and target processing strategy. The methodological modificaticms used 
in these studies are common to those in the Morrison, Cmso & Yuasa study reported next, and the 
studies that will be described in the remainder of this paper. 

Morrison, Corso & Yuasa (1989) were the next to use the WiTS methodology. They 
performed two stiuUes which assessed how particular code types are processed, and also assessed the 
issue of code redundancy. The particular types of codes used were blocks of ctdor and semantic 
codes, Le. color names in their first study and animal names in their second study. Th^ also 
manipulated display size. The relative performance was measured by rcspoasc accuracy (percent 
correct), total time, input time per target (t/s) and output time per target (t/r). Their results 


showed that: 
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1) color blocks and redundant coding (names that were consistently mapped to the same color) 
were identified more rapidly that color names as measured by total time, input time per 
target and output time; 

2) there was no difference in performance as measured by percent correct; 

3) the linear relationship between the number targets cm the display and total and input 
time found by Teichner (1977,1979) was confirmed; and 

4) there was a significant interaction between the type of code used in the target and changes 
in total and input time per target. 

These findings effectively confirm the results obtained by VfiUiams (1977) by showing that there are 
code effects for code type in input and output. However, the bulk of the processing effect is in 
input. This study served to demonstrate the utility of the WiTS methodology, and the modification 
developed by Corso & Kelley in assessing the relative performT'nce with alternative target coding, 
and further, succeeded in demonstrating the locus of those effects as being in input and output to 
differing degrees. 

Rudolph (1992) obtained results for redundancy consistent with those found by Morrison, 
Corso & Yuasa. In his study he used the WiTS methodology to study the effects of contrast and 
numeric/spatial codes as well as the case vdiere they were redundant and where one code was 
irrelevant to performing the identification task. The study used the same apparatus as that used by 
Morrison, Corso & Yuasa, which employed a four by four cell display and respcmse matrix. The 
output time used by Corso & Kelley (1983) and Morrison, Corso & Yuasa was modified by dividing 
the time per response by the number of resptmses executed. The results indicated that there was no 
significant difference between the contrast and numeric coding of targets in an identification task. 
Further, significant differences were found for the {vesence of either the redundant or nmse coding 
conditions. However, an unusual aspect of this experiment was manipulated in that a wide range of 
display density conditions were employed (2,6,10 and 14 of the 16 cells were filled with targets). 
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The results with regard to density indicated that {sooessing strata was adjusted when the tai^ 
density exceeded S0%, and the ncn-target cells were identified rather than kfentilying the target 
cells. Rudolfdi concludes that the redundant stimuli do not agnificantly impact perfimnance, nor 
does the presence of irrelevant (noise) codes. 

Since the application of the WiTS methodology to date has been reviewed, it is now 
appropriate to conader how it will be applied in the research described in the remainder of this 
report. In the next four chapters a series of studies are described which assess the impact of 
different display and response mappings on percent correct, total time per target, input time per 
target and output time per target. In effect, these studies continue to use that variant of the WTTS 
methodology developed by Corso & Kelly, (1983) and Morrison, Corso & Yuasa (1989). Through 
manipulations to the particular requirements of the identification tasks performed, this research will 
assess: 

1. How processing in the identification two different, but conceptually similar categwies ot 
codes are processed in terms of the input and output processing defined by the WTTS 
methodology. 

2. How the identification of codes from two very similar code categories presented together in 
the same display compares to the procesring of those codes when they are presented in 
separate displays. 

3. How the identification of codes collocated with irrelevant codes compares to the 
identification of those codes when they are presented without irrelevant codes in the diq>lay. 
How the identification of multiple codes from a single target compares to the ideitfifiaAion 
of those same codes when they are presented as single code taigets. 


4. 
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5. The impact of code redundancy on input and output processing and how it compares to the 
identification of multiple, but non-redundant, codes, and the identification of a single code 
targets. 

In addition to these display coding issues, a numbm' of other issues will be addressed in the coarse 
of this paper: 

6. The appropriate calculation of t/s shall be theoretically and empirically addressed in this 
with regard to the identification of codes versus targets in the context of the revised WiTS 
methodology used by Corso & KeUy, (1983); MorristHi, Corso & Yuasa, (1969) and 
Rudolph, (1992). 

7. The effects of alternative response panel mappings for performing the same identification 
task will be addressed in terms of input and output processing. 

Chapters 4-7 describe a series of four studies which address the issues listed above. The next 
chapter will describe the particular ejqierimental conditions and general methodology that serves as 
the basis for the studies described in Chapters 4-7. Chapter 8 will provide a general discussion of 
the findings of these studies, and their implications for both the WTTS methodology and the 
application of the findings frf this research to the design of tasks. 
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CHAPTER 3 • Gcaend A^nMcfa aad Method. 

The questions identified in Chapter 2 will be addressed through a series dosely related 
studies which will require that a number experimental conditions be defined that create variants 
on a common identificatitm task. In order to answer these questkms as efficiently as poss3>le, a 
series of studies is described in the following chapters that will answer each question independently. 
Each of the analyses described in the foUovnng chapters, however, is based (» subsets of 
ejqperimental conditions for vrfiich data are collected at the same time. This approach will allow a 
single data set to serve multiple purposes, Le. the answering of different but related questions 
regarding the processing of display and response codes in an identification task, and will also allow 
the generalization of results across the indiwdual studies. 

This chapter describes the general research methodology used in conducting the studies 
described in the following chapters. The general af^oach to this research was to identify a number 
of factors v^ch, on a theoretical or empirical basis, should affect input and output processing as 
defined by Teichner’s (1977,1978) model. For the purposes of data collection, the individual studies 
described in Chapters 4, S, 6 and 7 could be considered a sin^ experimental design. This design is 
shown in Figure 3-1. As may be seen from the figure, there are a total of 13 between subjects 
conditions generated by crossing seven target-task manipulations with the two response miq)ping 
conditions^ Representative samples of the disfday and response panel are shown in Figure 3-2. 

’Com(detely crossing the responses panel mapping condition with all levels of target-task would 
have generated a total of 14 between subjects conditkms. However, the questions being asked with 
regard to the Redundant target-task condition, and the general approach of comparing only selected 
target-task, response panel maiqnng conditions to each other did not necessi t ate a completely 
crossed experiment des^. See Chapter 6 for the analyses and discussion of the Redundant targtt- 
task condidon for more details. 
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Figure 3-1. Experimental Conditions for study of the Effects of Display 
and Response Codes on Information Processing in an Identification 
Task. 


Between Factors: 


Within Factors: 
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Figure 3-2. Sample Display formats and Response Panel Mappings. 
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The target-task manipulation describes two aspects of the identification task. The target in 
the target-task manipulation refers to the specific target codes presented on the visual display used 
in this research. The display used was a four-by-four cell matrix in which some number of ceils are 
randomly selected to have targets placed in them. When digits are [nesented as target codes, 
subjects see a single digit code presented in each of the selected target cells. When letters are 
presented as target codes, subjects see a single letter code presented in each of the selected target 
cells. Compound targets consist of a digit-letter combination of codes that are presented 
immediately adjacent to each other in the selected target cells, (multi-code targets). The redundant 
target codes are simil ar to the compound codes in that they con^ of a digit-letter combination 
placed immediately adjacent to each other. However, they have the added property that the same 
digit is always presented in combination with the same letter. The final target code condition is the 
separate targets condition therein a single letter or digit code may be presented in a cell, with the 
result that both digits and letters may appear on the display, but there is a single code in each filled 
cell. 


The task aspect of the target-task manipulation refers to the instructions given to the subject 
regarding what aspect of the targets is to be identified. The digits-instruction was used to tell 
subjects to identify only the digits presented on the display and, if letters are present, to ignore the 
letters. Likewise, the letters-instruction means that subjects are to identify cmly the letter targets on 
the display and, if digits are present, to ignore the digits. When instructed to identify both codes in 
the target, subjects are told to identify both the di^ts and letters presented on the display. 

The target-task conditions which result from the combining of the five levels of target type 


with three levels of task instruction wiU be denoted as follows: 
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Digits • The digits condition will have a single dig^ cell presented in each of the 2, 3 or 4 
cells that have targets. The particular codes used in any target will be randomly selected 
from the set: 1, 2, 3, 4, S, 6, 7 and 8. Subjects will identify all targets presented on the 
display. 

Compound (Digits) - The compound (digits) omdition will have a digit-letter (or letter¬ 
digit) in each of the 2, 3 or 4 cells on the display that have targets. The codes used will be 
randomly selected from the digits and letters sets. Subjects will be instructed to only 
identify the digit codes. 

Letters - The letters condition will have a single letter code presented in each of the 2, 3 or 
4 cells that have targets within the 16-ceU display matrix. The letters will be randomly 
selected from the set: A, B, C, D, E, F, G and H. Subjects will identify all targets on the 
display. 

Compound (Letters) - The compound (letters) condition will use digit-letter or letter-digit 
combinations comparable to those used in the (compound) digits condition, however 
subjects will be instructed to identify only the letter codes on the display. The codes used 
will be randomly selected from the same sets used for the digits and letters conditions. 

Separate - The separate target-task cmidition will have a single letter or digit code 
presented in each of the 2, 3 or 4 cells that are filled m the display. The codes will be 
randomly selected from the set: A, B, C, D, E, F, G, H, 1, 2, 3, 4, 5,6, 7 and 8. Subjects 
anil be instructed to identify all the dipts and letters that are presented m the diq>lay 


matrix. 
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Compound - The compound target-task condition will use the same digit-letter or letter¬ 
digit combinations used in the (compound) digits and (compound) letter conditions. 

However, subjects will be instructed to identify all the digit and letter codes presented in the 
2, 3 or 4 target cells^^. The codes 'ised will be selected from the same eight letter and 8 
digits sets used in the other conditions. 

Redundant - The redundant target-task ccmditkm uses letter-digit and digit-letter conditions 
similar to those seen in the compound target-task condition, except that the digits and 
letters will be mapped so that the same d^t always ap;«w with the same letter. The 
targets used will be randomly selected from the set: Al, B2, C3, D4, ES, F6, G7 and H8. 
Subjects will be instructed to respond to both the digits and the letter code presented in 
each of the 2, 3 or 4 fUled target cellsj. 

The other between-subject manipulation is response mapping. Response panel mapping 
refers to how the target codes are assigned to buttons on the response panel. In this research target 
codes are assigned to the response panel using either of two basic schemes. The separate response 
mapping has a single letter or digit code assigned to each response panel button. The compound 
response mapping has two codes assigned to each response panel button, one of which is always a 
digit and one of which is always a letter. 

Two within-subjects manipulations are shown in Figure 3-1. They are completely crossed 
with each other. The number of targets manipulation refers to the number of cells in the four-by- 
four cell matrix which have target codes in them. There could be targets in either two, three or four 

^^t should be noted that both the Compound and Redundant conditions require twice as many 
aaual response as the other target-task conditions because there are two codes per target being 
identified. This aspect of the design should not make the analysis of latency data problematic 
because all latency measures are converted to time per target measures, as described in Chapter 2. 
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of the cells in the 16-ceU display matrix. There are ten blocks of trials for each subject in the 
thirteen between-subjects conditions. Each block consists of ten trials for each of the three levels ol 
number of targets to be identified. Thus, with ten trials for three levels of number of targets to be 
identified, there were thirty trials per block, and a total 6[ 300 trials for each subject. Each block of 
practice is separated by a brief break, the duration of ^ch was controlled by the subject. Lxmger 
breaks were forced by the eiqperimenter after blocks 3 and 7. 
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METHODS 

^paratiu. A generic MS-IX)S based perscmal computer using a 25 Mhz Intel 386 {nocessor was 
used to run the e]q)eriment and collect all data. A generic 13-inch color video display was used to 
present the display formats. The display was driven by a Paradise VGA graphics card adapter mting 
standard display fonts. A single display format was presented on the display for each trial. This 
format consisted of a 4x4 cell matrix with each cell measuring l-Vi inches cm each ade. Two, three 
or four of the cells were filled with the Paradise text-mode alpha-numeric symbols. Display intend 
was adjusted for comfortable viewing and held constant throughout the esqperiment. Targets within 
the display consisted of either digit symbols, letter symbds, or for compound target conditions, a 
digit and letter symbol presented adjacent to one another. In the compound targets either a digit 
could appear first followed by a letter, or a letter first followed by a digit. The relative position of 
letters and digits in compound targets were counterbalanced across subjects such that sul^ects saw 
either the digit-letter or letter-digit combination, ti^en they were in a compound target condition, 
but not both. 

Responses were made using a custom built response panel The reqKmse panel consisted of 
sixteen, 16-mch round, momentary push-buttons. The buttons (Radio Shack catalog number 275-609) 
were arranged in a 4x4 square matrix on 1-Vi inch centers. A seventeenth, 14-inch, square, button 
(Radio Shack catalog number 275-618) was placed 1-14 inches below the bottom of the matrix, and 
3-inches from either edge. This square button served as a Timne'' key that subjects pressed to start 
and end each trial. The home key was held until subjects began responding. These buttons were 
interfaced to the 386 computer through a Scientific Sdutions LabTender labwattny interface card 
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operated with custom written software, >iriuch may be found in Appendix 1. This interface served as 
the basis for timed and decoded button presses mth millisecond resolutkm. 

Respmise buttons were labeled using Vi-inch, vriiite, helvetica medium, vinyl lettering 
(Chartpak number 01006) applied to movable flat-black, foam core panels. These panels were 
applied as appropriate to the particular mqperiment condition being run for a given subject. All 
sixteen of the response buttons were labeled in the separate response ml^>ping conditions, with a 
single code assigned to each button. The arrangement of codes on the buttons was to place either 
letters on the top two rows of buttons and di^ts on the bottom two rows, or vice se versa, 
counterbalanced across subjects. Only the middle two rows of four buttons were each employed in 
the compound response mappmg conditions. As with the compound targets in the disi^y, the 
compound response labels could be labeled with a letter-digit (Al, B2, C3, D4, ES, F6, G7, or H8) 
or digit-letter (lA, 2B, 3C, 4D, SE, 6F, 7G, or 8H) combination. The letter-digit, digit-letter 
combination was counterbalanced across subjects employed in the compound response mapping 
conditions. When subjects were in a condition with both compound display and response codes, the 
letter-digjt, digit-letter counterbalance was kept conristent across the display and response codes. 
Response codes were arranged in alphabetic or increasing numeric order, as shown in Figure 3-2. 

The response panel was tilted toward the subject at an angle fA 30* from horizontal. The 
display was mounted immediately above the response panel and was tilted down 10”, as shown in 
figure 3-3. Subjects sat approximately 8-12 inches from the front of the resptmse panel. 

The experiment test room was a 4x6 foot sound-proofed chamber. The chamber was lit by 
a IS watt, ceiling mounted fluorescent light, located above and behind the subject. The chamber was 
also equipped with a fan for air circulation and a closed-circuit television camera. The closed-circuit 
television system allowed subject performance to be mmiitored the experimenter throughout the 
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course of the eiqperiment. 

Sufejccts. A total of 132 subjects were run in tlw experiment to obtain ten subjects for eadi of the 
13 between sulqects groups. Subjects were male volunteer undngraduate students attending classes 
at the Georgia Institute of Techmdogy, Schod of Psychology. All subjects retained for the 
experiment had normal (20/20 corrected) vision and were ri^ handed. Two subjects were run, but 
their data discarded because they were left handed. Subjects recmved dass credit as ampensation 
for their participation in the eiqperiment. An additional sulqect was omitted from the final data 
analysis because he performed the task incorrectly by uring the wrong rows of response buttons. 

Procedure. All subjects were solicited through an announcement posted on a School of Psychology 
bulletin board. When subjects arrived for their experiment session, they were briefed on the 
experimental task and asked to sign a consent form. The task subjects were to perform was then 
demonstrated by the experimenter to familiarize them with the task. Subjects were then given the 
opportunity to ask questions regarding the experiment. The script used for the subject briefing is 
included as Appendix 1. 

Subjects were instructed to identify their targets as accurately and ouicklv as possible . 
Subjects were allowed to pace their way through the experiment. This was done presring and 
holding the Home* key at the bottom of the response panel when they were ready to b^in a trial 
Subjects were given the opportunity to take a brief rest before the start of each trial Immediately 
after each trial the message: "Done timing this trial. If yon would like to take a break idcaae ttc 
bottom button within the next three seconds.” would appear on the di^lay. The experiment would 
stop if the button was released during this period. All buttons were to be pressed using only the 
right index finger. Subjects were instructed that once they began identifying targets they were to 
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amdnue identifying all targets as quickly and accurately as possible until aD targets were identified. 
When they comideted identifying all targets, subjects agtun |vessed the home key to end the trial 

At the start of each trial a target matrix would appear after a random wait for three to five 
seconds. Once the display tppcated, it would stay on the screen until the subject lifted his Boget 
from the home key, or until a maximum time had been reached. The maximum time a display 
would remain on the saeen depended on how many targets were being diqdayed. The target matrix 
appeared a maximum of S, 15 or 10 seconds for 2,3, or 4 targets respectively. The marimum 
matrix duration was similar to that used by Teichner (1977,1978) and Morrison, Corso & Yuasa 
(1988). Subjects also had a mammum time in which to make all their reqxmses. This maximum 
response time was a function of the number of targets to be identified, and was based on 
preliminary data obtained by Morrison, Corso & Yuasa (1988). The maximum response time was 
15, 22.5 or 30 seconds for 2, 3 or 4 targets respectively. 

Dependent Measures. The software written to conduct the experiment recorded all the information 
necessary to measure response accuracy and latency fOT each response Grom the start of each trial 
After the data were collected, post-processing software was used to determine if a trial had been 
responded to correctly. A correct trial was defined as a trial vriiere all the targets that were to be 
identified were, and the only responses made were those for the targets present. Any trials for 
which there was a mechanical error, or during which there was some procedural anomaly was 
mccluded from further analysis. When a trial was correctly identified, the total reqxmse time was 
defined as the time required to complete the trial measured in milliseconds. In addition, the time 
between the start of the trial and the first resptmse, and then the elapsed time between each of the 
succeeding responses were determined. As per WiTS methodology, output time per target for each 
trial was calculated as the average of the time required for the second through final responses on 
any given trial. Input time for a trial was calculated by taking the time required fr(»n the start of 
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the trial to the first re^nse, and subtracting the calculated output time. Input time per target and 
total time per target were calculated by dividing the input and output time measures by the number 
of targets that had been identified on that trial A rin^ estimate for four dependent measures was 
generated for each of the three levels of target density, for each block of practice. The dependent 
measures were: the percent of trials correctly identified, mean total time pet target, mean iiqHit time 
per target, and mean output time per target. These data were then recorded in a format suitaUe for 
statistical analysis along with information indkiding whidi between subjects group it had come from. 
This data set served as the basis for the analyses Ascribed in the next three chapters. 
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CHAPIER 4 • IdeatificatkM of Single Code Tu^els Ihw One or 1V*o Code Cntegoriei. 

This chapter summarizes the results from the first of a series of eiqieriments based on the 
general experiment design and procedure described in Chapter 3. The study nriliTeit three tai^get- 
task conditions in udiich each target consists of one code, v^ch is selected from either of two code 
categories, or both categories. The general goal of this experiment was to assess whether the input 
and output processing in the two categories was different, as well as to determine how the input and 
output processing for identifying targets from both categories compared to that for identifying targets 
from each of the categories separately. Spedfically, this goal translated into asses.sing input and 
output processing with the digits, letters, and separate (digits and letters in separate targets) 
conditions described in Chapter 3. 

The basic objectives m conducting this study included: 

1. Demonstrate the utility of the Within-Task Subtractive (WiTS) methoddogy in asMiSKing 
performance in an identification task. In particular, demonstrate the utility of interpreting 
performance in identifying different categories of code symbols in terms d input and output 
processing. 

2. Assess rdiether digits and letters should be considered different cat^rries of code symbols, 
or a sin^e code category, based oa their relative performance in terms of input and output 


in an identificatkMi task. 
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3. Assess the impact of alternative response maiqMngs on perf<Minance in an identificatum task, 
and consider the performance and prooesang effects of reqxmse mappings in terms of input 
and output. 

4. Provide an empirical basis from udiich to generate hypotheses for study in later experiments, 
as well as to provide an empirical baris for the interpretation of the results obtained in 
those studies. 

These objectives were accomplished in the context of a task that required the identificaticm 
of single code targets from one or two code categories. Four dependent measures were employed in 
this study; overall identiflcation accuracy, mean response latency, as well as mean input time per 
target and mean output time per target. Four factors were assessed: 1) the specific nature (rf the 
targets used in the identification task were manipulated (as determined by the code categories used), 
2) the particular response mapping used by the subjects, 3) the number of targets presented on the 
display were all manipulated and 4) changes in performance across blocks. The manipulation of 
these four factors in combination facilitated meetii^ the olqectives listed above. 

In addition to meeting these general objectives, several specific research questions motivated 
the design of this study. One was: Is the performance seen identifying dipts and letters comparable? 
As pointed out in Chapter 1, a variety of researchers have presented data vriiich suggest that while 
di^ts and letters are often treated as a angle alphanumeric code category, they may in fact represent 
distinct code categories (e.g. Pashler & Baylis, 1991*’^; Proctor & Fober, 1968; Briggs, 1974; Egeth, 
Marcus & Bevan, 1972; Dick, 1969). 

Another question motivated the design of this study, and is carried through the studies in 
each of the following chapters. That question was: Does the mapping of multiple responses onto 
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single response keys change performance relative to the mapping one respcmse to each respmise 
key? This question stemmed from two sources. First, there is the increasing commcm use of 
multi-function keyboard layouts in a variety of computer and cmnmerdal tqipUcatkms, and the ever 
increasing complexity of those layouts as software becomes more and more ounplicated 
(Shneiderman, 1987; Brown, 1989). Second, there is a lack of data regarding the ^ects that 
response mapping may have on processing, and the ^>parent interaction of task cmitext with 
response requirements in affecting different aspects of processing. (See Chapter 1 of this report, 
Pashler & Baylis, 1991*’*’; Proctor & Fober, 1988; Larish, 1986; and Hendrikx, 1986.) No research 
has been done to date which specifically attempts to isolate the effects of alternative response 
mappings in terms of input and output. 

A munber of hypotheses can be offered on an intuitive basis with regard to the identificatkm 
of two categories of code symbols within a single task. It may be that the performance seen will be 
an average of the performance seen with the individual codes. This finding would suggest that the 
time required to identify all targets in a display does not invdve category processing per se, but 
rather constitutes a sum of the times required to process each target individually in the display. 
Alternatively, it could be argued that performance with two categories of codes will be comparable 
to the worst performance with each of the separate code categories (Morrison, Corso & Yuasa, 

1987; Rudolph, 1992). Such an argument would presuppose that the differences in processing reflect 
optimized strategies for processing a particular code category, and the strata empk^ed in 
processing tasks with both codes would have to accommodate the less efficient of the stratepes. 
Rnally, it could be argued that processing of the hybrid display with two categories of codes 
embedded in it will lead to performance that is worse than that found with either the component 
codes. This argument could be based on either two premises. First, if processing differences 
between the two code categories are the product of the number of elements m the cat^oiy (e.g. 10 
digits, or 23 letters), then the performance seen by combining these code categories in a single 
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display is the sum of the times required fw all the symbds known by the subject as belonging to 
each the categories that are {wesent. The seamd premise that could eqdam processing a 
display with codes from two categories could be worse is that an alternative strategy must be 
adopted for the encoding and identification of the two codes when they are together as compared to 
when they are processed separately, and the new strategy is not optimal for any one of the code 
categories present in the display. 

This research was not intended to definitive^ identify the processes which led to differences 
in the identification of different information codes. Rather, it was intended to establish how the 
identification of targets consisting of elements from two categories of codes compared to the 
identification of those codes separately. On the basis of the empirical results, the mechanisms that 
may have generated those results could then be speculated on. 
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DESIGN 


The first factor manipulated was the type of target presented in the identificaticHi task. 
Rgure 4-1 shows that there were three levels of target type assigned as a between-subjects factor. 
Subjects could identify targets consisting of dig^ with one digit symbol in each (rf several cells, 
letters, with one letter symbol in each of several cells, or a cranbinaticMis of digit and letter symbols 
across several cells of the display (the separate condition). As described in Chapter 3, the cells wme 
arranged in a four-by-four cell display matrix. In addition to the digits-letters-separate manipulation, 
two response mappings were employed as a between-subjects factor. The separate response 
mapping had a unique alphanumeric code associated with each response button. As described in 
Chapter 3, letters were on the top half of the 16 button response panel and digits on the bottom half 
of the response panel for half of the subjects, while for the other half of the subjects letters would 
be on the bottom half of the response panel, and digits on the t(^. All digit and letter codes were 
manned with an ascending, ordinal mapping. The second response mapping, referred to as the 
compound mapping, had two codes, a di^t and a letter, assigned to each of eight response buttons 
within the response panel. For half the subjects the buttons were labelled with digit-letter 
combinations, while buttons were labelled with letter-digit combinations for the remaining subjects. 
Again, the digit and letter codes were assigned with an ascending, ordinal mapping. The 
identification task used in this study required that all targets presented on the display be identified. 

Two manipulations were assessed by the e}q>eriment design as within-subjects factors, 
(Figure 4-1). The first represents a manipulation of task load, defined by the target density. In tins 
experiment either 2, 3 or 4 targets were presented within the 16-cell matrix on the display. The final 
factor assessed was number of blocks. Each block represented 30 trials (10 for each of the 2, 3 and 




Figure 4-1. Experimental Design for the Digit, Letter, Separate Comparison. 
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4 target conditions). There were 10 blocks of trials for each subject. 

The experiment design was a split-plot factmial with two between-subjects factors (target 
type and response mapping, at three and two levels respectively), and two within-sulqects factors 
(number of targets and blocks, at three and ten levels respectively). This experiment represented 
the data for 60 subjects (10 subjects for each of the between subject omditions). Data for two 
dependent variables, percent correct for each block of trials, and response time for each response 
was collected. From the response time data, total response time per target, input time per target, 
and output time per target were calculated using the WiTS methodology, as described in Chapter 3. 

The following predictions were described in terms of accuracy, total, input and output time. 

1. There will be significant differences in the performance as measured by percent correct 
and/or time dependent measures for the digit-letter conditions. Since the strategies and/or 
mechanisms that generate these directions these differences take will not be speculated on a 
priori, the hypotheses are non-directional. It is also uncertain if the difference seen will be 
reflected by total, input and/or output time. 

2. If the identification of a composite category (e.g. the separate task condition of digits and 
letters) proved to have different performance from the identification of component 
categories (e.g. digits or letters), then use of composite categories imposes additional 
processing demands from those of the component categories. The change in procesang may 
be due to the processing of additional codes, or due to qualitatively different processing. 
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2a. If the composite code set had peifonnance that was at least twice as bad, Le. less accurate 
and slower, than that seen in either of the component categories, then the change in 
performance was due to the processing of additional codes in a larger target set. 

2b. If the performance of the compoute code set had performance that was approximately that 
of equal to the worst of the two component codes, then the performance seen in the 
composite code represented a qualitative change in fwocessing, Le. was due to a change in 
strategy. 

2c. If the performance of the composite code set was approximately the arithmetic average of 
that seen in the independent code sets, then only those targets aqrlidtly included in the 
display were affecting processing, and those codes that are not on the display are not 
affecting processing. This hypothesis is suggested by Briggs’ (1974) suggestion that even 
though equivalent numbers of codes are used in the different target-task conditions, the use 
of well learned symbol sets, such as digits and letters, mav mean that the entire set of codes 
(e.g. all ten digits and all 26 letters) may be transferred to working memory from long-term 
memory. If this were the case, then the processing of letters would be considerably more 
demanding than that for digits, and this would be reflected by the processing time for digits 
and letters. 

3. If response mapping affected the way the identification task was performed then there will 
be differences in performance as measured by percent correct and/or total time as a 
function of the response mapping manipulation. 

4. It was expected that all dependent measures will show a stereotypic learning curve over 
blocks. Specifically, performance will improve (increase in percent correct; decrease in 
total, input and output time) with increases m number of blocks. Further, the effect is 
mqiected to be non-linear, with the greatest improvement in the first few blocks. No 
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differential learning effects were predicted for the various target-task and response nuq>{nng 
conditions. 

5. If the amount of information in a disiday affected the way information was processed, then a 
significant main or interaction effect involving the target density and one or more of the 
dependent variables would be found. 

6. If the response mapping affected the way people read a display and encoded infwmation 
into memory, then a significant main or interaction effect for input time and response 
mapping would be found. 

7. If the response mapping affected the way information was taken frmn memory and 
translated to a response, then there would be a significant main or interaction effect 
involving output time and the response mapping. 
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REStILTS 

The cofflparisoo of the various taiget and response panel manipulations was perfcnmed 
through a series of multi-variate analysis 6[ variance (MANOVA) procedures. AU MANOVAS were 
performed using the Complete Statistical Software fCSS: Stati^ica^ analysis package for MS-DOS 
computers (StatSoft, 1991). Post-hoc comparisons for significant effects were performed using the 
Neuman-Keuls procedure (Kirk, 1982; StatSoft, 1991) included as part of this statistical software. A 
separate MANOVA was performed for each of the dependent variables: Percent Correct, Total 
Time, Input Time, and Output Time. The results of these analyses are summarized in Table 4-1 and 
are described below. 

Percent Correct There was one significant effect in the percent correct data in the analyses for the 
Di^ts-Letters-Separate comparison, as shown in Figure 4-2. This was for the number of targets 
main effect (F= 12.4, (2,106), p < .01). This effect resulted because the accuracy was significantly 
lower when there were four targets to be identified (95.2%), than it was when there were two or 
three (97.6% and 97.0%, respectively). The difference in performance was relatively stable across all 
blocks. The very high level of accuracy across all conditions suggests that the sensitivity of the 
percent correct measure is probably reduced due to a ceiling effect. 


Total Time. There were significant total time mmn effects for the digits-letters-separate comparison 
®=12D, (2^3), p < .01), target density (F-980, (2,106), p < .01), and blocks (F=35iS, (9,477) p < 
ill). These results, illustrated in Figure 4-3, reflect the separate targets (3645 msec, per target) 
tailing 878 msec longer on average to identify than digits (2767 msec) and 266 msec longer than 
letters (3379 msec per target). Letters did not take rignificantly less time per target than the digits 
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TABLE 4-1. Siunmary of MANOVA Ksnltt for Digits-Lcttcn-Scparate. ^ ^ 


EFFECT: 

^CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIMF.! 

Condition 

(C) 

£=1.79(243) 
p = .177 

£=124,(243) 
p < 41 

£=449 (243) 
p < 45 

£=143,(243) 
p < 41 

Response 

(R) 

£=2.49.(143) 

p = .120 

£=049,(143) 
p = .771 

£=044(143) 
p = .426 

£=042,(143) 
p = 476 

C_R 

£=0.05,(243) 
p = .948 

£=032,(243) 
p = .726 

£=0.10,(243) 
p = .901 

£-036,(243) 
p = .697 

Targets 

(T) 

£=12.4,(2,106) 

p < .01 

£=980,(2,106) 
p < 41 

£=443,(2,106) 

p < .01 

£=31.7,(2,106) 

p < .01 

C_T 

£=0.29,(4,106) 
p = 414 

£=9.73,(4,106) 

p < .01 

£=1.92.(4.106) 

p = .112 

£=6.91,(4.106) 
p < 41 

R_T 

£=2.17,(2,106) 
p= .119 

£=1.05,(2,106) 
p = 352 

£=0.18.(2,106) 
p = 436 

£=15.1,(2,106) 

p < .01 

CRT 

£=1.06,(4,106) 
p = 379 

£=0.97,(4,106) 
p = .429 

£=0.14,(4,106) 
p = .967 

£=5.61,(4,106) 

p < .01 

Block 

(B) 

£=0.90,(9,477) 
p = 425 

£=354,(9,477) 

p < .01 

£=6.93,(9,477) 

p < .01 

£=32.9,(9,477) 

p < .01 

C^B 

£=0.66,(18,477) 
p = 453 

£=1.03,(18,477) 
p = .421 

£=1.17,(18,477) 
p = 383 

£-142.(18,477) 
p - 451 


Condition (C) refers to the target-task conditions used in this analysis. Response (R) refers to 
the response panel mapping effect. Ta^eU (T) refers to the number of targets beii^ 

Block (fi) refm to the number of blocks of practice. Interaction effects are denoted by the 
abbreviation for the effecU separated by an underscore, e.g. C_R indicates the Condkion by 
Response mapping interaction. 

Analysis uses {Digits-Digits-Separate, Di^Digits-Compound, Letters-Letters-Separate, 
Letters-Letters-Compound, Separate-Both-Separate, Separate-Both-Componnd} as groups. 

^ Table based on revised analyses • March 7,1992. 
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R_B 

1=1.23,(9,477) 
p = .278 

F=1.41,(9,477) 

p - .180 

1=1B3,(9,477) 
p - j060 

C_R_B 

1=0B1,(18,477) 
p - .684 

F-1.24,(18,477) 
p = 227 

1-2^0^(18,477) 

p < .01 

T_B 

1=0.90,(18,954) 
p = J82 

1=3B5,(18,954) 

p < .01 

1-0^1,(18,954) 
p - .896 

C_T_B 

F= 1.01,(36,954) 
p = .457 

F=128,(36,954) 
p = .130 

1-129,(36,954) 

p = .121 

R_T_B 

F=0.84,(18,954) 
p = .649 

1=0.52,(18,954) 
p = .950 

1=0.65,(18,954) 
p = B63 

C_R_T_B 

1=1.29,(36,954) 
p = .116 

1=0.79,(36,954) 
p = .804 

1=0.76,(36,954) 
p = B47 


F= 11)6,(9,477) 
p - J89 


F-0.77,(18,477) 
p = .734 


1-1.46,(18,954) 
p - .095 


f-L02,(36,954) 
p = .432 


1=0.86,(18,954) 
p = .632 


1=0.84,(36,954) 
p = .729 
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and letters (separate targets) in the post-hoc comparison. The overall time per response was longer 
for those conditions which had more targets to be responded to, Le. the rate of responding was 
slower for the higher target density conditions (2200,3223, 4368 msec, per target for the 2, 3 and 4 
target conditions), finally, response time decreased with blocks. Overall there appears to have been 
a substantial improvement through the first three blocks, and a modest improvement through the 
final seven blocks. The first block of trials required an average d “SlAl msec, per target, vdiile the 
fourth block had a total response time of 3195 msec, per target and trials in block 10 required an 
average of 3168 msec, per target. Thus, there was a 579 msec, per target improvement in 
performance throughout the course of the eiqseriment. However, this was moderated by a density by 
blocks interaction described below. 

The highest order interactions found were two-way interactions for the digits-letters-separate 
comparison by target density (F=9.73, (4,106), p < .01), and density by number of blocks (F=3.05, 
(18,954), p < .01). The first interaction reflects the time required per target increasing significantly 
more for the letters (1136 msec, per target^) and separate (1245 msec, per target^) conditions, than 
it did for the digits condition (877 msec, per target^), as shown in Hgure 4-4, and described by the 
linear regressions: 

Total Time = 876.7 (Number of Targets) + 158.1 

Total Time Le„e„ = 1135.9 (Number of Targets) - 14.7 

Total Time sepaniw ~ 1244.9 (Number (rf Targets) - 62.6. 

The second interaction, block by target density, reflects a decrease in the time required to perform 
the task through first three blocks, and the reduction in total time per item was greater when there 
were more tar^.ts to identify. 

Input Thnc. Examination of the input time per target (Table 4-1, Figure 4-5) showed that there 
were significant main effects for the digits-letters-separate comparison (F=459, (2^3), p < .05), 
number of targets (F=443, (2,106), p < .01) and blocks (F=6.93, (9,477), p < .01). As with the 






Figure 4-4. Digits, Letters, Separate: 

Total Time - Stimulus-Task by Number of Targets Interaction. 
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Figure 4-5. Digits, Letters, Separate: 
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total time per target, the identification of di^ts was dgnificantly faster than the identification of 
letters, or letters and digits (the separate condition). On average, digits took 1636 msec per target, 
letters required 19S1 msec, per target and separate targets required 1940 msec, per target. Further, 
all three levels of number of targets to be identified were significantly different from one another. 
The greater the number of targets to be identified, the longer it took to input the information per 
target (1306, 1815, and 2405 msec per target for the 2, 3 and 4 target conditions). As with the total 
time per target data, the block effect appears to reflect a agnificant drop m the input time per target 
early in practice, with a minimal drop later in practice. However, the Neuman-Keuls test for blocks 
showed that only block 1 (1982 msec, per target) was significantly different from the other blocks 
(1850 msec, per target on average for blocks 2-10). These findings are moderated by significant 
interaction effects. 

There was a significant three-way interaction for the digjts-letters-separate condition, 
response mapping and blocks. As illustrated in figure 4-6, this effect was brought about by the 
condition where subjects identified digits and letters (separate targets) and used the separate 
response mapping condition which was significantly different from all other target-response 
conditions in the first block of practice. There were no other significant interaction effects in the 
input time per target data. 

Output Time. Figure 4-7 reflects three sigmficant output time main effects: the digit-letter-scparate 
comparison (F=14.3, (2,53) p < .01), the target density effect (F=31.7, (2,106), p < .01), and the 
blocks effect (£-32.9, (9,477), p < .01). The output time per response was approximately % msec, 
per response faster for digits (375 msec, per response) than it was for letters (471 msec, per 
response), and the separate responses were 88 and 184 msec, per response slower than letters and 
digits respectively (559 msec, per response). The significant density effect reflects output times 
increasing significantly for all levels of the target density (446, 469 and 490 for the 2. 3 and 4 target 
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conditions). As with total and input time, the block effect reflects a relatively large improvement 
early in practice, with minimal changes after block 4 (583 msec, per target for block 1, 461 msec per 
target for block 4 and 436 msec per target for block 10). 

The results for output time, as shown in Rgure 4-8 and Table 4-1, reflect one significant 
three-way interaction for the digits-letters-separate comparison, response mapping and target density 
(F=S.61, (4,106), p < .01). The interaction reflects a ugmficant difference between the condition 
where four, separate targets are identified using the compound response mapping. The chaises in 
performance for the target-response mappings are described in more detail by the linear equations: 

Output Time oigits-Separate “ (Number of Targets) + 381.5 Msec per Target 
Output Time Dipts-Compound ® (Number of Targets) + 205.9 Msec, per Target 

Output Time tetters-Separate “ (Number of Targets) + 420.7 Msec, per Target 

Output Time tetteis-Compound “ (Number of Targets) + 423.6 Msec, per Target 

Output Time Separate-Separate ® (Number of Targets) + 513.9 Msec, per Target 

Output Time Separate-Compound ~ (Number of Targets) + 470.2 Msec, per Target 

The slopes for the Separate-Compound and Di^ts-Compound regressions indicate a larger increase 
in output time for the identification of separate targets using a compound response mapping 
condition as the target density increases. The significant three-way interaction is due to the minimal 
slope found for the compound response mapping when identifying letter targets relative to the other 
compound response conditions. 

There were several significant two-way interactions found in the output time per target data. 
The first was for the digits-letters-separate comparison and target density (F=6.91, (4,106), P < .01). 
As suggested by the significant three-way interaction described above, this was due to the 







Figure 4-8. Digits, Letters, Separate: Output Time 
Condition by Response Mapping by Number of Targets Interaction 
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Figure 4-9. Digits, Letters, Separate: Output Time 
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identification of letter target codes using the compound response mapping condition not increasing 
with the target density, udiile the identification of d^t codes with the compound response mapping 
and ^parate targets with the compound response mapping conditions did. The second si gnificant 
two-way interaction in the output time data was for the response mapping and density manipulations. 
This interaction, illustrated in Figure 4-9, shows that the overall rate of identifying the compound 
targets increased approximately times faster for using the compound response mapping (43.5 
msec, per target^) than it did for using the separate response mapping (9.55 msec, per target^). 

The regressions for the functions shown in Figure 4-9 are: 

Output Time per Responsesjp,„,e = 955 (Targets) + 438.8 msec, per target 
Output Time per ResponseQj^pou^ p^, = 43 J (Targets) + 356.7 msec, per target. 


As with the digit-letter comparison, significant effects were found for the number of blocks 
of practice in all latency measures. The practice effects appear to reflect a typical learning curve 
wherein there is a significant improvement in performance from block to block in the first few 
blocks, and relatively little improvement in later blocks. Therefore, in order to assess performance 
changes early in practice independent of those where performance is relatively stable, two analyses 
are reported below. The first is for blocks 1-3 of practice and the second is for blocks 4-10 of 
practice. Tables 4-2 and 4-3 summarize the results of these analyses. 


Blocks 1-3. 


Percent Correct There was one significant effect for the performance accuracy, as measured by 
percent correct, in the first three blocks, this was for the target density manipulation (F=3.26, 
(2,106), p < .05). The effect reflects the four targets condition being significantly worse than two or 
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TABLE 4-2. Summary of MANOVA molts for Digits-Lctters-Scparate: First thm Modts. ^ ^ ^ 


EFFECT. 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIME: 

Condition 

(C) 

F=0.61(243) 

p = 

£=11.7,(243) 

p < .01 

£=543,(243) 

p < .01 

£=941,(243) 

p < .01 

Response 

(R) 

£=234,(1,53) 
p = .132 

£=0.42,(143) 
p = 420 

£=238,(143) 
p = .129 

£=0.05,(143) 
p = 318 

C_R 

£=0.62,(243) 
p = 443 

£=0.02,(243) 
p - .984 

£=044,(243) 
p - 487 

£=0.43,(243) 
p “ 450 

Targets 

(T) 

£=2.86,(2,106) 
p = .062 

£=813,(2,106) 

p < .01 

£=308,(2,106) 

p < .01 

£=25.0,(2,106) 

p < .01 

C_T 

£=1.12,(4,106) 
p = 352 

£=10.2,(4,106) 

p < .01 

£=0.94,(4,106) 
p = .444 

£=10.4,(4,106) 

p < .01 

R_T 

£=0.70,(2,106) 
p= 401 

£=1.03,(2,106) 
p = 362 

£=0.15,(2,106) 
p = 358 

£=336,(2,106) 
p < .05 

C_R_T 

£=1.17,(4,106) 
p = .327 

£=0.96,(4,106) 
p = .431 

£=0.45,(4,106) 
p = .769 

£=5.04,(4,106) 

p < .01 

Block 

(B) 

£=3.26,(2,106) 
p < .05 

£=813,(2,106) 

p < .01 

£=203,(2,106) 

p < .01 

£=78.8,(2,106) 

p < .01 

C_B 

£=0.06,(4,106) 
p = .992 

£=1.74,(4,106) 
p = .146 

£=047,(4,106) 
p = .685 

£=2.96,(4,106) 
p < .05 


^Contrast (C) refers to the comparison of the target-task conditions used in this analysis. 
Response (R) refers to the response panel mapping effect. Targets (T) refers to the number of 
targets being identified. Block (B) refers to the number of blocks of practice. Interaction effects 
are denoted by the abbreviation for the effects separated by an underscore, e.g. C_R indicates the 
Contrast by Response mapping interaction. 

^ Analysis uses {Digits-Digits-Separate, Digjts-Digits-Cdmpound, Letters-Letters-Separate, 
Letters-Letters-Compound, Separate-Both-Separate, Separate-^h-Compound} as groups. 

^ Table based on revised analyses - March 7,1992. 
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R_B 

£=135,(2,106) 
p = 365 

F=0.63,(2,106) 
p = 332 

£=0.69,(2,106) 
p = 303 

£=0.06,(2,106) 
p = .943 

C_R_B 

F= 1.65,(4,106) 

p = .168 

£=130,(4,106) 
p = 307 

£=1.47,(4,106) 
p = 316 

£=033,(4,106) 
p = 309 

T_B 

F=0.45,(4,212) 
p = .771 

£=3.17,(4,212) 
p < .05 

£=0.10,(4312) 
p = .961 

£=034,(4312) 
p = .710 

C_T_B 

F=0.63,(8,212) 
p = .754 

F= 132,(8,212) 
p = 388 

F= 131,(8312) 
p = 337 

F=036,(8,212) 
p = .976 

R_T_B 

£=1.18,(4,212) 
p = 318 

F=0.02,(4,212) 
p = .999 

F=032,(4312) 
p = 367 

F=034,(4312) 
p = .835 

C R T B 

£=1.08,(8312) 

£=0.60,(8312) 

£=030,(8,212) 

£=1.41,(8,212) 


p = .377 p = .T14 p = .966 p = .193 
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TABLE 4*3. Sununarv of MANOVA results for DigitS'Letters-Sepamte: Blocks 4 through 10 of 
practice.* ^ “ 


EFFECT: 

•k CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIME: 

Condition 

(C) 

F=2.25,(233) 

p = .116 

£=113.(233) 

p < .01 

£=4.10,(233) 
p < .05 

£=16.1.(233) 

p < .01 

Response 

(R) 

F= 1.20,(133) 
p = .278 

F=0.01.(133) 
p = .907 

£=0.24,(133) 
p = .624 

£=0.01,(133) 
p = .913 

C_R 

F=0.75,(233) 
p = .479 

£=037,(233) 
p = 369 

£=034,(233) 
p = .711 

£=032,(233) 
p = .728 

Targets 

(T) 

£=10.2,(2,106) 
p < .01 

£=900,(2,106) 

p < .01 

£=431,(2,106) 

p < .01 

£=15.7,(2,106) 

p < .01 

C_T 

F=0.16,(4,106) 
p = .959 

£=8.12,(4,106) 

p < .01 

£=2.45,(4,106) 
p = .050 

£=2.29,(4,106) 
p = .064 

R_T 

£=1.60,(2,106) 
p= .206 

£=0.90,(2,106) 
p = .408 

£=0.44,(2,106) 
p = .644 

£=13.2,(2,106) 

p < .01 

C_R_T 

£=035,(4,106) 
p = .701 

£=034,(4,106) 
p = 3(G 

£=0.07,(4,106) 
p = .990 

£=2.%,(4,106) 
p < .05 

Block 

(B) 

F=035,(6,318) 
p = .910 

£=0.72,(6318) 
p = .635 

£=2.06,(6318) 
p = .058 

£=1.79,(6318) 
p = .099 

C_B 

£=0.86,(12318) 

£=0.96,(12318) 

£=036,(12318) 

£=1.72,(12318) 


p = .590 p = .489 p * 386 p = .062 


^Contrast (C) refers to the comparison of the target-task conditions used in this analysis. 
Response (R) refers to the response panel mapping effect. Targets (T) refers to the number of 
targets being identifled. Block (B) refers to the number of blocks of practice. Interaction effects 
are denoted by the abbreviation for the effects separated by an underscore, e.g. C_R indicates the 
Contrast by Response mapping interaction. 

Analysis uses {Digits-Digits-Separate, Dipts-Digits-Compound, Letters-Letters-Separate, 
Letters-Letters-Compound, Separate-Both-^parate, Separate-Both-Compound} as groups. 

^ Table based on revised analyses - March 7,1992. 
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R_B 

£=1.27,(6318) 
p = 271 

£=1.65,(6318) 
p = .132 

F=1.00,(6318) 
p = .422 

C_R_B 

£=038,(12318) 
p = .969 

£=0.78,(12318) 
p = .676 

F= 1.13,(12318) 
p = 322 

T_B 

£=1.15,(12,636) 
p = 318 

£=1.19,(12,636) 
p = 287 

£=039,(12,636) 
p = 354 

c t_b 

£=1.10,(24,636) 
p = 332 

£=1.13,(24,636) 
p = 303 

£=1.18,(24,636) 
p = 251 

R_T_B 

£=0.91,(12,636) 
p = 337 

£=0.84,(12,636) 
p = .604 

F=0.67,(12,636) 
p = .783 

C^RTB 

£=1.46,(24,636) 
p = .074 

£=0.99,(24,636) 
p = .476 

£=1.02,(24,636) 
p = .^3 


F= 1^,(6318) 

p = .082 


£=0.95,(12318) 
p * 300 


£=139,(12,636) 
p = .090 


£=0.78,(24,636) 
p = .763 


£=1.06,(12,636) 
p = 392 


£=035,(24,636) 
p = .960 
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three targets conditions (97.4,973 and 95.2 percent correct for the 2, 3 and 4 target conditions). 

Total Tiine. The analysis of total time per target data for blocks 1-3 revealed three significant main 
effects. The first was for the digit-letter-separate comparison (F=11.7, (233), p < .01). This effect 
was due to the separate condition (3857 msec, per target) taking significantly longer than the digits 
(2912 msec, per target) or letters (3541 msec, per target) conditions. The second main effect was 
for target density, (F=308, (2,106), p < .01) where all density conditions were significantly different 
from each other (2 = 2315 msec, per target, 3 = 3379 msec, per target, 4 = 4615 msec, per target). 
The third significant main effect was for number of blocks (F=20.8, (2,106), p < .01). The block 
effect reflects a significant improvement through the first three blocks. 

The total time data for the first three blocks also revealed a significant density by block 
interaction (£=3.17, (4,212), p < .05). This effect reflects a greater improvement for conditions with 
more targets to be identified over the first three blocks of practice, (seen in Figure 4-3). A second 
mteraction effect was found for the digits-letters-separate comparison and target density (F=10.2 
(4,106), p < .01). This mteraction reflects the difference between the separate condition and the 
other conditions increasing as the density increased. 

Input Time. The input time per target data for blocks 1-3 showed the same significant main effects 
as did the total time per target data for the same period. Effects were found for the digit-letter- 
separate comparison (F=5.63, 233), p < .01), the target denaty (F=308, (2,106), p < .01), and 
blocks (F=20.8, (2,106), p < .01). The di^ts-letters-separate comparison effect was due to the digits 
condition (1653 msec, per target) being significantly faster than the letters or separate conditions 
(1941 msec, per target, 2009 msec, per target). The targets effect was due to an increase in the time 
required per target as the target density increased (1343,1831, and 2429 msec, per target for the 2, 3 
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and 4 targets conditions). The block effect represents a agnificant improvement in performance 
over the first three blocks (1982,1824 and 1798 msec, per *srget for blocks 1, 2 and 3). 

Output Time. The significant effects with output time over blocks 1-3 were the same as those seen 
in output time for all blocks of pracdce. Again there were three ugnificant main effects: the £^ts- 
letters-separate comparison (F=9.S1, (2,53), p < .01), target density (F=2S.O, (2,106), p < .01) and 
blocks (F-78S, (2,106), p < .01). The direction these effects was the same as for total and input 
time, however the magnitude was much smaller. The di^ts-letters-separate comparison effect 
showed that the digits condition was responded to fa^er than the letters or separate conditions (419, 
527 and 600 msec, per target for the digits, letters and separate conditions). The rate of responding 
decreased as more targets were to be identified, (485, 515 and 546 msec, per target for the 2, 3 and 
4 targets conditions). The blocks effect demonstrated an improvement in performance across blocks 
1-3 (583, 492, 471 msec, per target for blocks 1,2 and 3). 

As expected based on the results described for output time over all blocks, there was a 
significant three-way interaction in the data over blocks 1-3 for the digits-letters-separate 
comparison, response mapping, and target density (F=5.04, (4,106), p < .01). This en'ect was due to 
the separate-compound response mapping condition being significantly slower when four targets 
were identified, relative to other conditions. There was a ygnificant digits-letters-separate 
comparison by density interaction (F= 10.4, (4,106), p < .01) consistent with the results of the overall 
analysis, i.e. responding to the digits and separate target conditions slowed as the target density 
mcreased substantiaUy, while that for the letters targets slowed very little. There was also a 
significant response mapping by number of targets in>!eraction £=336, (2,106), p < .05) due to a 
decrease in the rate of responding with the compound response mapping as the number of targets 
mcreased, udiile the rate of responding was more stable for the separate response mapping 


conditions. 
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Blocks 4>10. 

Percent Comet Only one significant effect was found in the percent correct data for blocks 4-10, 
and this was for the target density, (F= 102, (2,106), p < .01). As with the overall analysis, this 
effect was due to the digits condition being significantly more accurate than the letters or separate 
conditions (97.7%, 96.9% and 95.2% respectively). 

Total nme. The analysis of the total time per target data for blocks 4-10 of practice revealed no 
significant effects involving blocks, supporting the interpretation that learning is essentially comfdete 
by block 4. There were significant main effects for the digits-letters-separate comparison, (F=1U, 
(2,53) p < .01), where the separate condition (3354 msec, per target) was significantly slower than 
the digits (2704 msec, per target) or letters (3309 msec, per target) conditions. There was still a 
significant density effect (F=900, (2,106), P < .01). As with the overall analysis, and that for blocks 
1-3, all levels of density were significantly different from each other (2150, 3156 and 4262 for the 2,3 
and 4 targets conditions). 

Input Time. The significant main effects for input time per target for blocks 4-10 included the 
digits-letters-separate comparison (F=4.10, (243), p < .05), and number of targets identified 
(F=431, (4,106), p < .01). The comparison effect was due to the digits condition being significantly 
faster than the letters and separate conditions (1628 msec per target versus 1955 and 1910 msec, per 
target respectively). The density effect was due to an increase in the time required to input targets 
as the number of targets in the display increased (1290,1808 and 2395 msec per target for the 2, 3 
and 4 target conditions). There were no significant intrt^action effects for input time in blocks 4-10. 

Output Time. The output time per target data for blocks 4-10 showed three significant main effects. 
Hrst, as with the overall and early blocks of practice analyses, there was a main effect for the digit- 
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letter-separate comparison (F=16.1, (2,53), p < .01). This was due to the output time per target for 
the digits, letters and separate target conditions being different from each other (3S7, 447 and S42 
for digits, letters and separate). There was a main effect for target density, (£=15.7 (2,106), p < 

.01) where the rate of responding decreased as the density increased (447, 450 and 467 for the 2, 3 
and 4 target conditions). The significant three-way interaction for the digits-letters-separate 
comparison effect, response mapping and number of targets found in the overall analysis and blocks 
1-3 remained as well (F=2.96, (4,106), p < .05). Again this was due to a significant difference for 
the separate targets responded to using the compound response panel when four targets were 
identified. The two-way interaction found in the other total time analyses for response mapping and 
target density remained significant as well ^=13.2, (2,106), p < .01). 
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DISCUSSION 


The analyses for the dipts-letters-separate comparison show that there are indeed ygnificant 
performance differences between identifying digits or letters versus identifying digits and letters 
(separate) targets. The effects occur both udien the task is novel and after extensive practice. 
Therefore, in accordance with hypothesis 1, it may be concluded that there are significant differences 
between the identification of single element alphanumeric codes from single and multiple categories. 
The specific ftndings with regard to the digits, letters and separate comparison, the response 
mapping, target density, and blocks for each of the dependent measures, will be discussed in detail 
below. However, before the specific findii^ are assessed, a potential caveat with regard to this data 
is in order due to the nature of the results with the percent correct data. 

The assessment of performance accuracy in this study requires some caution. The percent 
correct data is very close to 100%, which corresponds to the maximum limit of the scale. It could 
therefore be argued that the significant effects found in the percent correct data, as well as the other 
performance indices, is being affected by an accuracy ceiling effect. This means that the sensitivity 
of the percent correct data in assessing accuracy may be disproportionately enhanced or suppressed 
due to the nature of the percent correct scale, and therefore the effects seen may not truly be 
representative of actual performance. Further, due to the tendency for an interrelationship between 
speed of responding, as indicated by the latency measures, and accuracy, measured by the percent 
correct data, the latency measures may be affected as well (Pachella, 1974; Pachella & Pew, 1968). 
However, the magnitudes and consistency of the findings across conditions suggests that a ceiling 
effect has not seriously impacted this study, and the results will be interpreted below without further 
mention of this issue. Table 4-4 summarizes the actual and relative changes in each of the 











Table 4-4. Digits, Letters, Separate: 
Differences for Significant Latency Main Effects. 
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Output Tima 
% Change 

25.6% 

49.1% 

16.7% 

9.9% 

-33.4% 

• 

If 

o < 

« 2 A ^ S 

01 * e ^ 

Input Time 
% Change 

19.3% 

18.6% 

-1.0% 

84.2% 

-6.7% 

Input Time 

Actual Change 

315 

304 

-11 

1099 

-125 

Total Time 
% Change 

22.1% 

31.7% 

7.9% 

98.5% 

-15.5% 

Total Time 

Actual Change 

612 

878 

266 

2168 

-579 

Significant 

Effect 

Comparison; 

Digits-Letters 

Digits-Separate 

Letters-Separate 

Targets; 2-4 

Blocks; 1-10 


Actual Time in Milliseconds. Group means used to generate this Table may be found in Appendix B. 

% Chang* > Actual Change / (Larger of the Mean Times for that comparison) * 100. 

30 July 1992 
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significant latency main effects, and will serve as the ba^ for much of the remaining discussion. 

Experimental Manipulations 

Target-Task. The results vnth regard to the identification of single code targets from single code 
categories shows that there are clear and persistent differences in the time required to identify 
targets from each of the code categories. All latency measures showed significant main effects for 
the digits-letters-separate comparison, though there were no significant differences with regard to 
accuracy. Specifically, digits were identified approximately 22% faster overall, 19% faster in terms of 
input time per target, and 26% faster in terms output time per target. 

The identification of targets from single code categories versus multiple code categories 
generated mixed results. The overall latency in identifying digits and letters is significantly longer 
than digits, but not significantly different from letters. When total response latency is partitioned 
into input and output time, some interesting aspects of the differences are revealed. With regard to 
input time, the letter targets were input 19% (315 msec, per target) slower than digit targets, and 
letters were taken from memory and translated to a response 26% (96 msec, per target) slower on 
average than digit targets. Comparing the identification of digits and letters to letters only or digits 
only reveals that the separate codes were read from the display and encoded into memory 1S>% (304 
msec, per target) slower than letters, and were taken from memory and translated to a response 
49% slower than identifying digits alone. The input and output times for identifying digits and 
letters are even more intriguing because the input time for identifying digits and letters was actually 
1% (11 msec, per target) faster than identifying only letters, and output time per target increased 
19% (88 msec, per target). Therefore, it appears that identifying symbols from multiple categories 
will lead to an identification rate comparable to that seen in the lowest of the individual categories. 
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while the output rate will be the cumulative sum of times required for each of the component code 
categories. 

These results support Teichner’s (1977) arguments dwringuisliing between input and output 
processing. In effect, the majority of the processing (Le. translation, denoted by Teichner, 1977; 
Teichner & Williams, 1977 as one or more occurrences of occurs during input. The rate of 
input is, in part, a function of the particular code used. Codes that lend themselves to more efBdent 
encoding, e.g. digits, are encoded into memory and processed more rapidly. As shown in Figure 4- 
10, the encoding of information into memory requires approximately three times as much time as 
does the translation of the target from memory to a response. Some code dependent processing 
does take place in output however, as evidenced by the significant output time effects for the digits, 
letters and separate conditions. The data indicates that the introduction of additional code 
categories to the identification task will cause input processing to be only as good as that seen with 
the least efficiently processed of the component code categories. Looking at the actual change in 
output time, however, suggests that the introduction of additional code categories to the 
identification task will cause output processing to increase to a rate equivalent to the sum of the rate 
for each of the component codes.^^ 

The finding that digits are input faster than letters and the finding that input are as slow as 
that for the slowest of the code categories present in a display suggests that Briggs may be correct in 
his suggestions regartting the nature of code categories. These results could be accounted for by the 
fact that digit category has fewer elements than does the letter category. However, if this 
e]q)lanation is pushed to its conclusion, one would e]q)ect that the separate codes would be identified 

^^This hypothecs could be tested by generating an empirical or theoretical estimate for mean 
movement time in making the responses with this particular apparatus (e.g. Fitts, 1954), and 
subtracting that time from the output time per response. Sudi an effort is beyond the scope of this 
study, however. 





Figure 4-10. Digits, Letters, Separate: 
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even more slowly than are each of the component (digit or letter) categories. A logical apfvoach to 
testing this hypothesis would be to use novel code symbols and manipulate the eiqierience 
(knovdedgc) regarding the associations among those elements, Le. their association in a category. If 
a larger categories are input more slo\^ than smaller categories, then Briggs’ hypothesis would be 
confirmed. 

The finding with regard to output processing seems entirely consistent with Briggs’ 
hypothesis in that the identification of digits and letters was slower than that for digits or letters. 
However, the responses in this experiment with two code categories clearly required the 
consideration of a larger number of keys. Therefore, this result should not be interpreted as 
supporting Briggs’ explanation for the difference between the digit and letter categories. Again, a 
more careful consideration of the number of responses, by limiting the number of response 
alternatives should allow the effects of the number of codes in the response set and its effect on 
output to be considered relative to the size of the code categories. 

Target density. The examination of the performance changes seen with the target density sheds 
further light on the nature of input and output processing. The accuracy data showed that accuracy 
decreased with an increase in density, though the actual change seen in this study was small, and 
may not be very meaningful. Further, accuracy did not change in any way as a function of the types 
of codes being identified. The latency data, however, showed that the time required to identify 
targets increased in terms of input, output and overall response times with increases in density. 
Table 4-4 shows that doubling the number of targets doubled the total time per target required to 
identify targets (an actual change of 2168 msec per target). The mput time and output time, 
however, showed very different net change results for the target density. Input time nearly doubled 
(84% or 1099 msec, per target) with the doubling of target density, vriiile output time increased a 
mere 10% (44 msec, per target). 









NAWCADWAR-92088-60 


101 


The results with the target denaty manipulatioii supports the suggestion that output time 
does represent a limited amount of symbolic processing (e^ translation) because there are 
agnificant changes in the output time per tai^ with changes in the density of target symbols being 
identified. If codes were not being processed in output, then there would be no reason for the rate 
of output to change with number of responses that are required. However, because the amount of 
change is very small relative to that seen due to type of codes being identified, it is reasonable to 
assert that the code translations that go on in output are of a different character than those seen in 
input. Input processing is highly influenced by both the number and type of targets being identified. 
This supports the assertion that the strategy adopted while encoding targets from the display is the 
most important factor in affecting the input time. The presence of additional targets in the display 
effectively magnifies the differences seen due to encoding strategy, as supported by Figure 4-4 and 
the regressions seen for total time per target as a function of the target density for digits, letters and 
the separate targets. 

The regressions seen in Figure 4-8 show that the magnitude of change for output time with 
increases in the target density is much smaller than those seen m input or total time. Again, this can 
be explained by the assumption that the proportion of output time accounted for by processing is 
substantially less than that for input time due to the inclusion of movement time as part of the 
output time measure. The effects of output time are also moderated by the significant digits-letters- 
separate by response mapping by density interaction, suggesting that all these factor are having an 
impact on the processing that takes place in output. 

Response Panel Mapping. The impact of the response mapping on identification is complex and 
subtle. In fact, all response mapping effects are seen only in the form of interactions with other 
factors manipulated in this study. Further, the effects seen for the response mapping were seen 
primarily in output time, as would be intuitively expected given Teichner’s definition of output 
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processing. In accordance with hypothesis 7, it may be concluded that response mapping does affe<^ 
output processing. However, there was one input time interaction involving the response mapping 
manipulation, supporting hypothesis 6. The results fm* the digits-letters-separate comparison 1^ 
response mapping by blocks interaction illustrated in Rgure 4-6, show that there that the output side 
of the task can affect the way information is taken from a display and encoded into memory for 
certain information codes, early in practice. It can therefcure be speculated that the impacts of the 
output side of the task on the input side of the task are trantitory. Stated as a design principle, this 
result might state that: the output (response) side of the task will impact the reading of a display, 
and the encoding of that information into memory when the task is novel and/or performed 
infrequently and the codes used are from relatively large coding sets and/or are complex (from 
multiple categories). 

The significant digits-letters-separate comparison, response mapping by target density 
interaction for output time supports the assertion that the output processing is sensitive to the 
particular code being identified. In effect, the use of compound response mappings causes a 
significant decrease in the rate of processing as the tai^et dentity increases. However, it is apparent 
from Figure 4-8 there are three distinct patterns of changes for the output time data as a function of 
this interaction. The identification of targets in multiple code categories (the separate condition) 
causes a linear increase in output time per target of about 20% «dien targets are identified using the 
ctHnpound response mapping. The identification of the letter targets also generated a linear function 
for the target density. However, the rate of increase was minimal (about 163 msec per target^). 
Further, there was no difference between the slopes for the letter conditions as a function of 
response mapping. As with the separate targets, the digit targets generated two distinct functions for 
the target density depending on the response mapping. The separate response mapping, when used 
to identify digits, generated a function essentially similar to that seen for separate and letters 
conditions when identified with the separate response panel functions, and in identifying the letter 
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taigets with the compound mapping. However, the digit targets identified with the compound 
response mapping generated a curvilinear function as the target density was increased. In effect, the 
function resembled that for the separate response mapfungs and the letters with the compound 
response mapping v^en few targets (up to three) were being identified, and resembled the separate 
targets-compound response mapping condition when more than three targets were identified. 

Keeping in mind that there were only three levels of target density, it is speculated that the output 
processing of digits is essentially similar to that seen with ompound targets and the compound 
response mapping. Further, the added complexity of the compound response mapping, as measured 
by the rate of increase in time required per taiget for increasing number of targets, (the slopes of 
the regressions seen in Figure 4-8), suggests that the costs associated with the compound response 
mapping increase with the number of responses required, particularly for certain categories of codes. 
It is not clear, however, why the separate, and particularly the digits, target conditions should involve 
more difficult translations from memory to responses. One possible explanation relates to the issue 
of response interference. It may be speculated that the subject populatira used (undergraduates at 
an engineering school) were extensively familiar with the standard computer keyboard, and 
particularly the standard numeric keypad layout on those keyboards. The assignment of digits to the 
response mappings used in this task did not match the standard numeric keypad layout, and 
therefore may have required additional processing in order to counter the intuitively expected 
relationships among the digit keys. Based on this e;q>lanation, it is further speculated that increasing 
the number of responses required would generate significant main effects few the response panel 
manipulation, with the compound response mapping generating longer output times per target. 

Blocks of Practice. Amount of experience with the specific identification task clearly has an effect 
on performance as measured by both percent correct and response latency. The results from the 
overall analyses, as well as those from early in practice (blocks 1-3) and late in practice (blocks 4-10) 
show that there were significant and meanii^ful improvements in performance in terms of increased 
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accuracy and increased rate of responding with practice. Overall, Table 4-4 shows that there was a 
16% (579 msec, per target) improvement in the rate of target identificatkm through the course of 
the ejqperiment. Further, the failure to find significant {tfactice effects in the analyses for Mocks 4-10 
support the assertion that learning is essentially completed for these identificatum tasks after 30 
trials. Thus, the learning effects are rapid. 

The latency data demonstrated a number of interaction effects between blocks and the other 
experiment manipulations, generally involving the number of codes being identified as well. Thus, 
there was a greater improvement in performance when there was a higher symbol density, and there 
was more complex coding in terms of both the number of potential target codes, and the complexity 
of the response mapping. The partitioning of total time revealed a number of subtle aspects as to 
how practice affects processing in an identification task. Despite output time accounting for only 
20% of total time, approximately 50% of the total improvement in the rate of identification is 
accounted for by output time (125 msec, per target improvement in input, and 146 msec per target 
improvement in output). As a result, there is a 33% mcrease in the rate of responding in output 
time and only a 7% improvement in input time. Therefore, practice is clearly most beneficial in the 
execution of responses and/or the translation of targets to response codes. Given the similar order 
of magnitude for the changes seen for the digits-letters-separate manipulation, and blocks, and the 
smaller changes seen for number of targets, it is speculated that the large changes in performance 
due to practice seen in output time reflect more the changes in output processing, (e.g. m reducing 
the response interference effects speculated about above), rather than the learning of mechanical 
responses. This is based on the assumption that if a greater percentage of the learning were in 
learning to move around the response panel, the order of magnitude of changes seen in output time 
for identifying the separate targets would be comparable to those seen in the other experimental 
manipulations. Further, the factors selected for manipulation in this study were selected because of 
their theoretical relationship to information processing. Numerous counter-balancing steps were 
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taken to minimize the impact of response movements across subjects (see Chapter 3 for details on 
the counter-balancing procedures), therefore, it is concluded that the significant interactions seen in 
output time per target among the e]q[>eriment manipulations, are due to the information procesnng 
associated with output time, rather than the mechanical aspects of response execution per se. 
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Suminary of Results 

The results for each of the oqierimental predictions is sununarized below: 

1. There were significant differences in performance between the di^ts targets and letters 
targets as measured by total, input and output time. Therefore, the processing of Higi^ in 
an identification task is different from the processing of letters, and it may be asserted that 
digits and letters represent different sub-categories of alphanumeric codes. The results of 
this study show that digits are identified faster than letters. 


2. The identification of a composite category (e.g. the separate task condition of digits and 

letters) generated some interesting results. In terms of overall performance as measured by 
total time, the identification of targets from multiple code categories generated performance 
comparable to the performance of the worst of the component codes, i.e. the rate of 
identification for separate targets was equivalent to the rate of identification of letters and 
slower than that for digits, although there was an actual increase of 266 msec, in identifying 
digits and letters over identifying letters alone. This would lead to the conclusion that this 
data did not generate support for the hypothecs that the identification of codes from a 
composite category was different from that of single categories. 

The partitioned latency data suggests a different conclusion. The pattern of significant 
differences for input time was the same as that seen for total time, i.e. the input of Hi gits 
was faster than the input of letters, or, letters and digits. However, the output time data 
showed performance differences for the identification of targets from the composite code 
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category, and the separate targets were output more sloudy than digits. Thus, the 
partitioning of response time into input and output components suggests that the costs for 
identifying a composite code category are mcurred in making responses, rather than in 
reading the codes from the display and encoding them into memory. Digits and letters are 
processed as distinct code categories during output. 

Hypothesis 2a related to the magnitude of change seen from the comparison of target sets 
representing single versus multiple code categories. It was stated that: if the composite code 
set has performance that at least t'vice as bad, i.e. less accurate and slower, than that seen 
in either of the component categories, then the change in performance is due to the 
processing of additional codes in a larger code set. Clearly this hypothesis is not supported, 
because the results found did not show that the separate targets required more time to 
identify than both of the component, single, code categories. 

The results do support hypothesis 2b. The performance seen with the composite code 
category (the separate targets) was generally comparable to that seen in the worst of the 
single codes (letters). Therefore, the changes in performance due to the nature of the codes 
being identified in this task must be due to differences in the strategies involved in the 
processing of the codes being used. If it is assumed that processing takes place at a 
constant rate for all code categories, then the only way one category of codes could be uqmt 
more quickly than another is if the faster codes are encoded more efficiently. Teichner 
(1977) would suggest this processing efficiency is due to the faster code category requiring 
fewer translations (Tg^). 

The response mapping demonstrated significant performance effects as measured by all 
three latency measures. Therefore, the response mapping does affect processing in an 
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tdentification task. The effects, however, were only seen in the form of interactions with 
other experiment manipulations, and the bulk of the effects were associated with output 
processing. 

4. Significant effects were found for blocks with performance improving as the amount of 
practice increased. As predicted, the bulk of the learning took place early in practice, as 
confirmed through the separate analyses for blocks 1-3 and 4-10. However, the 
performance differences were found strictly in the latency measures. The accuracy of task 
performance did not change as a function of practice. 

5. The presence of a significant three-way interaction for the digits-letters-separate comparison, 
response mapping and blocks for the input time per target data provides empirical support 
for hypothesis 6. Thus, it may be concluded that the response mapping affects the way 
people read a display and encode information into memory. However, the effect appears to 
be subtle, being dependent on the specific type of codes being identified, and short lived, 
disappearing with practice. The effect could be explained by suggesting that the first part of 
output in this task includes a secondary input, wherein additional information relating to the 
response mapping is input into memory at the start of output. The information input is 
speculated to involve information regarding the particular position of the desired response 
keys and facilitating the construction of a response mapping (T^.!^ in Teichner’s model. 

(See Chapter 8 for an in depth discussion of this issue.) 

6. The response mapping clearly affects the way information is taken from memory and 
translated to a response, as stated by h^xKhesis 7. However, this hypothesis is supported by 
a variety of significant two-way interaction effects between various experiment manipulations 
for the output time per target data, rather than a significant main effect for response 
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mapping per se. There were interaction effects between response mapping and the type of 
codes being identified, and the target density. Again, because one of the interactions 
involved the target deasity, and the output time measure was adjusted for the number of 
targets identified, it is concluded that the response mapping is having an effect on the rate 
of output processing. 


Objectives 

There were a number of theoretical, methodolo^cal and application objectives to be 
addressed by this study. These objectives have been met, and will now be discussed in turn. The 
first objective was quite general, making it the most difficult objective to talk about, i.e. 
demonstrating the utility of the WiTS methodology in assessing performance u) an identification task. 
With slight modifications to the standard WiTS methodol'- -', it has been possible to demonstrate 
that there are differences in performance in a target identification task. This study successfully 
manipulated aspects of the task, including the particular subsets of codes used, the response 
mapping, the target density, and amount of experience subjects had with the task, to demonstrate the 
changes m performance associated with these factors. Therefore, objective 1 has been met. Further, 
the primary methodological modification consisted of converting the total and input time measures 
into time per target, or rate measures. Through this modification, it has been possible to interpret 
the various significant findings in terms of their effects on overall, input and output processing. 
Because this modification compensates for the additional time required to process additional targets, 
any main or interaction effects involving target density can be attributed directly to changes in the 
rate of processing. The processing which may have generated these results could be, and has been, 
speculated about. 
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The second objective was to specifically assess the relative performance of alternative display 
codes, alternative response mappings and their interaction with task demands such as the number of 
targets to be identified. Through use of the time per target measures, and the manipulation of target 
density, it was possible to describe the effects of these manipulations in terms of input and output 
processing. With regard to objectives 2 and 3, many of the results obtained by partitioning response 
time into input and output time were not intuitively ejqiected, or obvious. This was particularly true 
in the assessment of the response mapping manipulation, for \i^ch there was no main effect, but 
which interacted with other experimental manipulations to generate different effects in input and 
output time. 

Objective three was met by demonstrating: 1) Two comparable sets of abstract codes 
(consisting of the same number of digit targets or letter targets) generated different performance as 
measured by total, input and output time, and 2) that the identification of a composite set of codes 
(consisting of digit and letter targets) generated performance comparable to the worst performance 
seen from each of the component sets in input, and worse performance than either of the two 
component codes in output. 

The impact of the response mapping generated a number of important findings from both 
theoretical and application standpoints, thus addressing objective 4. The response mappings used in 
an identification task can and do affect the way information is read m from a display and encoded 
into memory. No doubt, had the task been more complex and cognitively demanding, e.g. an 
information reduction or creation task, more profound effects could have been generated by the 
output side of the task on the input side of the task. The output side of the task was affected by the 
response mapping as well. However, the effect subtle in that it appeared only in the form of 
interaction effects. Again, the use of more complex response mappings, and/or the use of a more 
demanding task would likely change the nature and magnitude of the response panel effects. These 
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results are important because they show that the extrapolation of empirical results from one research 
paradigm to another, or even different apparatus with the same paradigm will have to be dcme with 
caution. It is clearly not valid to simply assume that the use of different response demands will not 
affect the cognitive demands of task performance. In fact, it may be speculated that the 
extrapolation of results from well controlled and therefore artificially constrained tasks of empirical 
research will be highly compromised when applied to the much more complex real-world application. 

Objective 5 addresses the degree to which a target identification task can be considered an 
information processing task. The fmding of significant main and interaction effects for the target 
density for accuracy, total time per target, input time per target and output time per target clearly 
show that even this simple identification task has signiflcant information processing components. 
Further, the significant results for input and output time show that both input and output contain 
significant processing aspects. Figure 4-10 illustrates the magnitude of the target density over all 
other experiment manipulations for total, input and output time per target. Figure 4-11 shows the 
relative contribution of mput and output time per target to the total time per target. Together, these 
figures show that the rate of target identification decreases in a linear fashion as the number of 
targets increases. The majority of time is associated with input processing. However, output 
processing also slows down significantly. Further, the extrapolated intercept for input, output, and 
total times in Figure 4-10 are comparable to those typical form simple reaction time, i.e. when no 
decisions are required (e.g. Luce, 1986). Thus, in accord with the work of Briggs and his students 
(Briggs, Thomason & Hagman, 1978; Briggs, Peters & Fisher, 1972; Briggs & Swanson, 1970; Briggs 
& Blaha, 1969), it may be seen that when no targets are present in the display, the intercept for total 
time per target is 0, as one would intuitively expect. The y-axis intercept for the input time per 
target and output time per target regressions would be approximately 200 msec., corresponding to 
simple reaction time, or the typical mechanical response time when no choices are present. These 
findings support the interpretations of input and output time as suggested by Teichner’s model for 
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the WiTS methodology, and support the assertion that input time and output tim** per target are 
predominantly indices of processing. 

Objective six will be addressed in some detail in Chapter 5, where the impact of irrelevant 
codes m the display will be assessed, and where the results of this study will serve as the for 
the formulation of more specific hypotheses in the next chapter. In general, however, the results of 
this study will allow directional hypotheses to be fwmed with regard to the effects of practice on 
latency, the impact of response mappings on input and output latencies, the increase in total, and the 
effects of input and output latency per target as the target denuty infriM ^ses 

Applications & Lessons Learned 

One goal in this research was to provide results that would be meaningful to f.ngin....r;ng as 
well as theoretical applications. Therefore, this study will be summarized in the form of identifying 
prospective principles and guidelines in terms of both general methodological issues, and specific 
recommendations with regard to the use of dipts, letters, and, di^ts i...d letters when they are both 
relevant to performing a task. 

1. Digits are read from the display and encoded into memory faster than are letters on a per 
code basis. 

2. Tasks in which both digits and letters are relevant, are read from a display and encod ed into 
memory at a rate that is comparable to the reading in and encoding of letters only. 

3. The data suggests that the input of information from a display will be performed at a rate 
comparable to the slowest of the rates for the individual codes on the display. 
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Digits are output from memory and responded to at a rate that is slower than that seen for 
letters, or di^ts and letters, particularly as a larger number of responses are required. 

Tasks for vdiich both digits and letters are responded to appear to be output at a rate that is 
nearly the sum of the outputs for each of the individual codes. 

The data suggests that the output of information will be made at a rate that is 
approximately equal to the sum of the individual rates for each of the individual categories 
of codes that are being responded to. 

The response mapping does have an effect on input processing, specifically early in practice 
when the task is novel and the performer is unfamiliar with it. In this e:q>eriment, the use 
of a single code per response mapping caused input to be slower than a mapping with fewer 
response alternative, but more codes assigned to each response. 

The finding that the input rate was slower for the separate response mapping early in 
practice suggests a general prindple: the more alternative responses in the response panel, 
the slower will be the rate of input of information until the performer of the task becomes 
familiar with the response panel and/or task demands. 

The more codes that are presented to be identified, and the more complex the task, the 
slower they will be processed, i.e. the slower the input and the slower the output. 

The theoretical distinction between mput and output appears to be justified given the 
different empirical findings found for input time and output time as defined by the WTTS 
procedure. 
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CHAPTER 5 - IdentUioitioa of Codes fron Single and Compound Taigets. 

This chapter summarizes the results from the second of a series of ejqwriments based on 
the general experimental design described in Chapter 3. The results from the analyses using four 
target-task comparison will be described where the targets on the display consisted of single digit 
codes or compound di^t-letter codes. The task was to identify onfy di^ts or letters. The central 
question asked in this study is: Does the presence of irrelevant information codes, (i.e. noise codes), 
in a target change performance relative to the presence of only relevant codes? 

This study will continue to address the problem of how information codes are processed in 
terms of input and output. The results of the study described in Chapter 4 began to address the 
question of how codes in display targets are processed by examining the performance seen in 
identifying single code targets from either of two code categories versus that seen in identifying 
single code targets from both of two code categories. The first study established that: 

1) . The identification of two similar subsets of alphanumeric codes (representing either 

digits or letters), results in differential effects as measured by overall response 
latency, and, input and output time. It was therefore concluded that digit and letter 
codes are, in fact, processed differently. 

2) . The identification of targets in a display that come from two different code 

categories causes overall latency to be comparaUe to the most slowly identified 
component code. Further, the partitioning of overall response time into mput and 
output components revealed that while input time generated the same performance 
as total time, i.e. the performance seen was comparable to the most slowly 
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identified of the component codes, output time was significantly slower than that 
seen for either of the component codes. 

Having established that digit and letter codes, though conceptually similar, represent different 
categories of codes, and that the identificatkm of targets representing both categories causes 
performance comparable to the most slovdy identified of the component categories, it is possible to 
assess the performance seen in identifying targets unth irrelevant codes relative to that seen with only 
relevant codes. 

The specific objectives of this study were to: 

1. Continue to demonstrate the utility of the Within-Task Subtractive (WiTS) method of 
partitioning response time in assessing performance in an identification task and, assess that 
methodology for the purposes of extending results to applications and theory development. 

2. Continue the demonstration and validation of the general approach to assessing display and 
response codes, and alternative response mappings, as a function of task load in an 
identification task that was begun in Chapter 4. 

3. Assess the relative performance of subjects identifying subsets of codes from each of two 
single categories when those codes are presented as single code targets versus when those 
codes are presented as compound targets incmporating an irrelevant (noise) code. In this 
study four target identification tasks were used. Two tasks required the identification of 
targets consisting of single codes (digits or letters), and two required the identification of 
either digits or letters from compound (digit-letter) targets. 
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4. Continue to assess the impact of alternative response mapfnngs on input and output 
processing in an identification task. One response mapping had a single alphanumeric code 
assigned to each of sixteen response buttons. The second had both a digit and letter code 
assigned to each of eight response buttons. It was suggested that these panek differ in the 
complexity of their response mappings, and therefore affect performance. 

5. Provide an empirical bask for the fimnulation of predictions analyzed in later experiments, 
as well as provide a bask for interpreting the results obtained in those studies. Thk 
objective k important because the studies described in the following chapters will be based 
upon the methodology, analysis techniques, and empirical results developed in thk study. 
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DESIGN 


The first factor manipulated in this study was the type of target presented in the 
identification task. Hgure 5-1 shows that there were four levels of target/task type assigned as a 
between-subjects factor. Subjects could: 1) identify d^its from targets consisting one digit in each of 
several cells; 2) identify digits from targets consisting of a di^t and a letter in each of several cells 
(compound targets - identify digits); 3) identify letters from targets consisting of one letter in each of 
several cells; or 4) identify letters from targets consisting of a letter and a digit in each of several 
cells (compound targets • identify letters). As described in Chapter 3, the display used consisted of 
16 cells arranged in a four-by-four cell matrix. Targets were randomly assigned to cells m the 
matrix Compound targets for half the subjects consisted of a di^t-letter combination, and for the 
other half of the subjects consisted of a letter-digit combination. Only eight digit codes (1, 2, 3, 4, 5, 
6, 7 and 8) and eight letter codes (A, B, C, D, E, F, G and H) were used. In addition to the Digits, 
Compound (digits), Letters, Compound (letters) target-task manipulation, two response mappings 
are employed as a between-subjects factor. The separate response mapping had a unique 
alphanumeric code associated with each response button. As described in Chapter 3, letters were on 
the top half of the 16 button response panel and digits on the bottom half of the response panel for 
half of the subjects, while for the other half of the subjects letters were on the bottom half of the 
response panel, and digits on the top. All digit and letter codes were mapped to the response keys 
using an ordinal mapping. The second response mapping, referred to as the compound mapping, 
had two codes, a digit and a letter, assigned to each of eight response buttons within the response 
panel. For half the subjects the buttons were labelled with digit-letter combinations, while buttons 
were labelled with letter-digit combinations for the remaining subjects. Again, the digit and letter 
codes were assigned with an ordinal mapping. 




Figure 5-1. Experimental Design for the Digits, Compound (Digits), Letters, 
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Two manipulations shown m the aqwriment dedgn (Figure 4-1) were within-subjects 
factors. The &st represented a manipulation of task load, defined by the target density. Either 2, 3 
or 4 targets were presented within the 16-cell matrix on the display. The final factor assessed was 
the number of blocks of practice. Each block represented 30 trials (10 for each of the 2, 3 and 4 
target conditions). There were 10 blocks of trials, for a total of 300 trials, for each subject. 

The e]q>eriment design was a split-plot factorial with two between-subjects factors (target 
type and response mapping, at four and two levels respectively), and two within-subjects factors 
(number of targets and blocks, at three and ten levels respectively). This e^riment encompassed 
the data for 80 subjects (10 subjects for each of the between subject conditions). It should be noted 
that the data from 40 of these subjects was the same as that used for the analyses in Chapter 4. 
Data for two dependent variables, percent correct and response time for each response is collected. 
From the response time data, total response time per target, input time per target, and output time 
per target are calculated using the WiTS methodology, as described in Chapter 3. 

The following predictions are described in terms of accuracy, total, input and output time. 

1. If there is a difference seen in the performance for identifying digits using the digits only 
and compound displays, then it is because of a change in processing due to the presence of 
the irrelevant letter codes. Likewise, if there is a difference seen in identifying letters using 
the letters only and compound displays, then it b because of a change in processing due to 
the presence of the irrelevant digit codes in the compound targets. It b reasonable to 
expect that there would be significant differences between the single and compound targets 
for accuracy, total and input latencies. 
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2. It is not expected that there would be effects due to the irrelevant codes in output time, 
because irrelevant information should not be encoded into memory during input, i.e. the 
irrelevant codes in the compound targets are filtered out as the relevant codes are encoded. 
Because the irrelevant codes are from a consistent category, (i.e. letters for compound 
(digits) subjects, and digits for the compound (letters) category), the irrelevant codes should 
have a minimal impact on processing, (Egeth, 1988; Proctor & Fober, 1988; Pashler & 
Baylis, 1991*'^. If there is a change in performance as measured by output time due to the 
presence of irrelevant codes in the targets, then it is because that information has been 
encoded mto memory. If the irrelevant codes affected output, then they must be encoded 
into memory during input in order to affect output processing. Further, if the irrelevant 
codes are filtered out or ignored, then there should be no effect on output processing 
because the irrelevant codes should not be in working memory to have an effect. 

3a. If there is a performance difference between the single and compound code targets, and the 
compound targets result in performance that is appronmately half, i.e. less accurate and 
slower, than that seen in either of the single target tasks, then the irrelevant codes in the 
compound targets are being processed to the same degree as the relevant targets. 

3b. If the composite code set results in performance thai is slightly worse than that seen with 
the single target tasks, then the decrement in performance is probably due to the processing 
associated with filtering out the irrelevant codes. 

4. If the response mapping interacts with target density as measured by any of the latency per 
target measures, then response mapping affects the way information is processed in an 
identification task. If there is a significant interaction involving target density and the 
response mapping for input time per target, then the response mapping affects the way 
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information is read from a display and encoded into memory. If there is a signifirj«nr 
interaction involving target density and the response mapping for output time per target, 
then the response mapping affects the way information is taken from memory and translated 
into responses. 

5. If the identification task involves a .significant component of information processing, then 
there wUl be a stereotypic learning curve over blocks for all the dependent measures, and 
the blocks will show a significant interaction with the target density. Specifically, 
performance will improve (increase in percent correct; decrease in total, input and output 
time) with increases in number of blocks. Further, the effect is expected to be non-linear, 
with the greatest improvement in the first few blocks, and the greatest improvement when 
there are more targets to be identified. 
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RESULTS 


The basic comparison of the digit and letter codes is performed through a series of multi¬ 
variate analysis of variance (MANOVA) procedures. All MANOVAS were performed using the 
Complete Statistical Software fCSS: Statistical analysis package for MS-DOS computers (StatSoft, 
1991). Post-hoc comparisons for significant effects were performed using the Neuman-Keuls 
procedure (Kirk, 1982; StatSoft, 1991) included as part of this statistical software. A separate 
MANOVA was performed for each of the dependent variables: Percent Correct, Total Time per 
target, Input Time per target, and Output Time per target. The results of these analyses are 
summarized in Table S-1 and are described in detail below. Based on the results for practice 
described in Chapter 4, and the finding of significant learning effects during the first three blocks, 
additional analyses were performed separately for blocks 1-3 and blocks 4-10. These analyses are 
summarized in Table S-2 and Table S-3. The results for all the dependent variables will now be 
discussed in turn. 

Percent Correct One significant effect was found for the percent correct data in the digits, 
(compound) digits, letters, (compound) letters conditions over all blocks of data, as shown in Figure 
5-2. This was for target density (F=8.52, (2,144), p < .01). This effect reflects a signiffcant 
difference between the four targets conditions (96.0%) and the other conditions (98.4% for the two 
target conditions and 97.7% for the three targets conditions). The difference in performance was 
relatively stable across all blocks. 

The analyses for blocks 1-3 and 4-10 generated rignificant main effects for the accuracy of 
target density as well (F=8.52, (2,144), P < .01 for blocks 1-3 and F= 11.4, (2,144), p < .01 for 
blocks 4-10). In addition, however, a significant main effect was found for the digits, (compound) 
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TABLE 5-1. Summary of MANOVA results for Digits, Compound (Digits), Letters, Compound 
(Utters).** 


EFFECT: 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIME: 

Condition 

(C) 

F=2.31,(3,72) 
p = .083 

£=6.90,(3,72) 

p < .01 

£=732,(3,72) 

p < .01 

£=3.64,(3,72) 
p < 35 

Response 

(R) 

£=332,(1,72) 
p = .073 

£=033,(1.72) 
p = 365 

£=0.05,(1,72) 
p = 320 

£=0.46,(1,72) 
p = 300 

C_R 

£=0.16,(3,72) 
p = .924 

F=0.94,(3,72) 
p = .425 

£=032,(3,72) 
p = .489 

£=0.65,(3,72) 
p = 388 

Targets 

(T) 

£=18.5,(2,144) 

p < .01 

£=1622,(2,144) 

p < .01 

£=846,(2,144) 

p < .01 

£=263,(2,144) 

p < .01 

C_T 

£=0.44,(6,144) 
p = .849 

£=7.18,(6,144) 

p < .01 

£=5.08,(6,144) 
p < .01 

£=133,(6,144) 
p = .174 

R_T 

£=0.03,(2,144) 
p= .966 

£=2.74,(2,144) 

p = .068 

£=136,(2,144) 
p = 359 

£=232,(2,144) 
p = .084 

C_R_T 

£=0.19,(6,144) 
p = .979 

£=1.01,(6,144) 
p = .420 

£=133,(6,144) 
p = 397 

£=0.73,(6,144) 
p = .624 

Block 

(B) 

£=1.09,(9,648) 
p = 367 

£=563,(9,648) 

p < .01 

£=8.94,(9,648) 

p < .01 

£=61.1,(9,648) 

p < .01 


**Contrast (C) refers to the comparison of the target-task conditions used in this analysis. 
Response (R) refers to the response panel mapping effect. Targets (T) refers to the number of 
targets being identified. Block (B) refers to the number of blocks of practice. Interaction effects 
are denoted by the abbreviation for the effects separated by an underscore, e.g. C_R indicates the 
Contrast by Response mapping interaction. 

^ Analysis uses {Di^ts-Digits-Separate, Di^ts-Dipts-C^ompound, Compound-Dipts-Separate, 
C^mpound-Digits-Compound, Letters-Letters-Separate, Letters-Letters-Ck>mpound, ^mpound- 
Letters-Separate, Compound-Letters-Compound) as groups. 

^*Table based on analyses of- March 18,1992 
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C_B 

F=0.66,(27,648) 
p = .908 

£=1.01,(27,648) 
p = .448 

£=152,(27,648) 
p = .133 

R_B 

£=0.78,(9,648) 

p = 

£=050,(9,648) 
p = .617 

£=026,(9,648) 
p = .984 

C_R_B 

F=0.63,(27,648) 
p = .928 

£=0.76,(27,648) 
p = 502 

£=0.91,(27,648) 

p = .602 

T_B 

F=0.82,(18,1269 

) 

p = .680 

F=356,(18,1269 

) 

p < .01 

F=0.98,(18,1269 

) 

p = .483 

c_t_b 

F=0.87,(54,1269 
) 

p = .730 

F=1.00,(54,1269 
) 

p = .420 

F= 1.28,(54,1269 
) 

p = .083 

R_T_B 

F=1.08,(18,1269 
) 

p = 562 

F=0.86.(18,1269 

) 

p = .634 

F=056,(18,1269 

) 

p = .627 

C_R^T_B 

F=0.96,(54,1269 
) 

p = 555 

F=l.(»,(54,1269 

) 

p = .423 

F= 1.03,(54,1269 
) 

p = .422 


£=0.97,(27,648) 
p = 502 


£=1.03,(9,648) 
p = .411 


£=0.75,(27,648) 
p = 513 


£=1.03,(18,1269) 
p = .423 


£=0.73,(54,1269) 
p = .624 


£=1.15,(18,1269) 
p = .292 


£=125,(54,1269) 

p = .106 
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TABLE 5*2. Summary of MANOVA results for DjMts, Compound (Digits), Letters, Compound 
(Utters) - Blocks 1-3 of praetke.^^ 


EFFECT: 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIME: 

Condition 

(C) 

F=0.86,(3.72) 
p = .468 

£=6.05,(3,72) 

p < .01 

£=7.98,(3,72) 

p < .01 

£=236,(3,72) 
p < .05 

Response 

(R) 

£=1.28,(1,72) 

p = 262 

£=0.55,(1,72) 
p = .460 

£=0.16,(1,72) 

p = .686 

£=0.65,(1,72) 
p = .421 

C_R 

£=0.14,(3,72) 
p = .937 

£=1.00,(3,72) 
p = 397 

£=032,(3,72) 
p = .489 

£=0.68,(3,72) 
p = 366 

Targets 

(T) 

£=8.52,(2,144) 

p < .01 

£=1107,(2,144) 

p < .01 

£=554,(2,144) 

p < .01 

£=5.25,(2,144) 

p < .01 

C_T 

£=0.67,(6,144) 
p = .672 

£=4.41,(6,144) 

p < .01 

£=3.05,(6,144) 

p < .01 

£=0.95,(6,144) 
p = .458 

R_T 

£=0.76,(2,144) 
p= .741 

F=2.95,(2,144) 
p = .055 

£=234,(2,144) 

p = .100 

£=039,(2,144) 

p = .680 

C_R_T 

£=0.27,(6,144) 
p = .950 

£=1.21,(6,144) 
p = 304 

£=0.48,(6,144) 
p = 320 

£=2.00,(6,144) 
p = .070 

Block 

(B) 

£=2.47,(2,144) 
p = .088 

£=109,(2,144) 

p < .01 

£=233,(2,144) 

p < .01 

£=108,(2,144) 

p < .01 


^^Cootrast (C) refers to the comparison the target-task conditions used in this analyw. 
Response (R) refers to the response panel mapping effect. Targets (T) refers to the number 
targets being identifled. Block (B) refers to the number of blocks of practice. Interaction effects 
are denoted by the abbreviation for the effects separated by an underscore, e.g. C_R indicates the 
(Contrast by Response mapping interaction. 

Analysis uses {Dipts-Digits-Separate, D^ts-Dipts-Compound, Clompound-Digits-Separate, 
Compound-Digits-Ck)mpound, Utters-Utters-Separate, Utters-Utters-C^ompound, Comptnmd- 
Utters-Separate, C^ompound-Utters-C^ompound} as groups. 

^able based on analyses of- March 18,1992 
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C_B 

£«031,(6,144) 
p = .932 

£-1.12,(6,144) 
p = 352 

£-037,(6,144) 
p = .754 

F= 138,(6,144) 
p = 328 

R_B 

£=0.70,(2,144) 
p = .498 

£=030,(2,144) 
p = .451 

F=038,(2,144) 
p - .925 

£=0.75,(2,144) 
p = .473 

CRB 

£=1.44,(6,144) 
p = .204 

F»0.43,(6,144) 
p = 357 

F=0.73,(6,144) 
p = 325 

£=033,(6,144) 
p = .919 

T_B 

£=034,(4,288) 
p = .710 

£=531,(4388) 
p < 31 

£=0.41,(4388) 
p = 305 

£=132,(4388) 
p = 362 

c_t_b 

F=0.42,(12,288) 
p = .957 

£=1.19,(12,288) 
p = .292 

£=1.17,(12,288) 
p = 304 

£=039,(12388) 
p = 348 

R_T_B 

£=033,(4,288) 
p = .710 

£=1.12,(4388) 
p = 345 

£=0.68,(4388) 
p = .604 

£=131,(4388) 

p = .126 

C_R_T_B 

£=135,(12,288) 

p = .106 

£=0.90,(12388) 
p = 346 

£=037,(12,288) 
p = .968 

F= 1.74,(12388) 
p = .059 
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TABLE M. Summary of MANOVA results for DMts. Compound (Digits), Letters, r«f«|y>,iBd 
(Letters) - Blocks 4-10 of practice.^ 


EFFECT: 

% CORRECT: 

TOTAL TIME: 

INPtJTTlME: 

OinrOTTIME: 

Condition 

(C) 

£=2.76,(3,72) 
p < .05 

£=7.00,(3,72) 

p < .01 

£=6B1,(3,72) 

p < .01 

£=3B0,(3,72) 
p < .05 

Response 

(R) 

£=3.13,(1,72) 

p = .081 

£=0.23.(L72) 
p = .632 

£=0.02,(1,72) 
p = B80 

£*033,(1,72) 
p = 369 

C_R 

£=0.29,(3,72) 
p = .834 

£=0.92,(3,72) 
p = .438 

£=0B4,(3,72) 
p = .479 

£=0.60,(3,72) 

p = .620 

Targets 

(T) 

£=11.4,(2,144) 

p < .01 

£=1608,(2,144) 

p < .01 

£=856,(2,144) 

p < .01 

£=31.2,(2,144) 

p < .01 

C_T 

£=0.16,(6,144) 
p = .987 

£=7.65,(6,144) 
p < .01 

£=5.72,(6,144) 

p < .01 

£=135,(6,144) 
p = .167 

R_T 

£=0.67,(2,144) 
p= 515 

£=2.13,(2,144) 

p = .122 

£=0B4,(2,144) 
p = .433 

£=5.17,(2,144) 

p < .01 

C_R^T 

£=0.56,(6,144) 
p = .760 

£=0.83,(6,144) 
p = J51 

£=139,(6,144) 
p = .153 

£=1.11,(6,144) 
p = 360 

Block 

(B) 

£=0.84,(6,432) 
p = J38 

£=1608,(6,432) 

p < .01 

£=1.85,(6,432) 

p = .088 

£=5.23,(6,432) 

p < .01 


^Contrast (C) refers to the comparison of the target-task conditions used in this analysis. 
Response (R) refere to the response panel mapping effect. Targets (T) refers to the number of 
targets bemg identified. Block (B) refers to the number of blocks of practice, interaction effects 
are denoted by the abbreviation for the effects separated by an underscore, e.g. C R indicates the 
Contrast by Response mapping interaction. 

^ Analysis uses (Digits-Digits-Separate, D^ts-Digite-Compound, Compound-Digits-Separate, 
Compound-Digits-Compound, Utters-Utters-Separate, Letters-Letters-Compound, Compound- 
Letters-Separate, Compound-Letters-Compound} as groups. 

^^Table based on analyses of- March 18,1992 





NAWCADWAR-92068-60 


129 


C_B 

F=0.77,(18,432) 
p = .740 

F»0.74,(18,432) 
p = .769 

£-1.15,(18,432) 
p - 397 

F-1.17,(18,432) 
p = 379 

R_B 

£=0.95,(6,432) 
p = .462 

F=0.99,(6,432) 
p = .434 

£-036,(6,432) 
p = .905 

£-1.44,(6,432) 
p = .196 

C_R_B 

F=0.45,(18,432) 
p = .976 

F-0.79,(18,432) 
p = .718 

£-0.90,(18,432) 
p - 381 

£-1.10,(18,432) 
p = 352 

T_B 

F=0.79,(12,864) 
p = .664 

£=1.40,(12364) 

p = .1^ 

£-1.14,(12364) 
p - 325 

£-1.04,(12364) 
p - .409 

c_t_b 

F= 1.10,(36,864) 
p = 320 

F=0.94,(36364) 
p = 367 

£-1.25,(36,864) 
p = .149 

F=0.79,(36364) 
p = 306 

R_T_B 

F= 1.18,(12,864) 
p = .291 

F=0.73,(12364) 
p = .723 

F=0.72,(12364) 
p - .736 

F-0.72,(12364) 
p = .733 

C_R_T_B 

F=0.87,(36,864) 
p = .692 

F= 1.14,(36,864) 

p = .268 

£-1.49,(36364) 
p < .05 

£-0.69,(36,864) 
p = .913 








Figure 5-2. Digits. Compound (Digits), Letters, Compound (Letters) 
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digits, letters, (compound) letters conditions in blodu 4-10 £>2.76, (3,72), p < .05). This main 
effect was due to the digits (^ch had the worst accuracy at 963%) being agnificantly different 
from the (compound) digits conditions (ndiich had the best accuracy at 96Si%). Neither the letters 
condition (973%) nor the (compound) letters cooditkm (973%) were significantly different from 
each other or the digits conditions. The very high level of accuracy across all conditions suggests 
that the sensitivity of the percent correct measure may be reduced due to a ceiling effect. 

Total Time. Figure S-3 illustrates significant total time main effects for the target-task comparison 
(F=6.90, (3,72), p < .01), target density (F=1622, (2,144) p < .01), and blocks (F=563, (9,648) p < 
.01). The target-task main effect is due to the digits (2767 msec, per target) and (compound) digits 
(2956 msec, per target) being significantly faster than the letters (3379 msec, per target) and 
(compound) letters (3357 msec, per target) conditions. The overall time per response was longer, 
i.e. the rate of responding was slower, for those conditions v^ch had more targets to be identified, 
(2099, 3076, 4169 msec, per target for the 2, 3 and 4 target conditions). The significant block effect 
reflects a significant drop in response time after the first block (3595 msec, per target for block 1 
versus an average of 3100 msec, per target for the remaining blocks). 

There were two significant two-way interactions for the analysis of total time over all blocks. 
The first was for the target-task conditions and target density (F=7.18, (6,144), p < .01). This 
interaction, illustrated in Figure 5-4, reflects a greater improvement for the letters and (compound) 
letters conditions between blocks 1 and 10 than there were for the digits and (compound) digits 
conditions. The regressions: 

Total Time = 876.7 (Number of Targets) + 158.1, 

Total Time compound (Dipt*) * ^^.0 (Number of Targets) + 71.0, 

Total Time Le„en “ 1135.9 (Number of Targets) - 14.7, 




Figure 5-3. Digits, Compound (Digits), Letters, Compound (Letters): 

Total Time 
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Total Time compound (Lettets) = (Number of Targets) - 86.0, 

reflect the rate of change in identification for each of the target-task conditions as a function of the 
target density. From these regressions it appears that the rate identification for the letter 
conditions decreased approximately 460 msec per target^ faster than did digits. The post-hoc 
Neuman-Keuls for the interaction indicated that: 

1) vdien the target density was two targets, di^ts and compound (digits) were not ygnificantly 
different from each other, but were significantly different from both letters and compound 
(letters), which were not different from each other; 

2) when the target density was three targets, di^ts were significantly different from compound 
(digits), both of which were different from letters and compound (letters), however letters 
and compound (letters) were not significantly different from each other; 

3) when the target density was four targets, digits and compound (digits) were not significantly 
different from each other, but were significantly different from both letters and compound 
(letters), which were not different from each other. 

The second significant interaction for total time per target over all blocks was for the target density 
and blocks manipulations (F=3.86, (18,1269), p < .01). This interaction, as seen in Rgure 5-3, 
reflects the rate of processing improving significantly more with practice when more targets were 
being identified. 

The analyses for the first three and final seven blocks generally revealed the expected 
si gnificant effects, i.e. the same pattern of main effects and interactions for blocks 1-3 and a loss of 
most of the practice effects for blocks 4-10. The analysis for the total time in blocks 1-3 generated 
significant effects for the target-task comparison (£«6.05, (3^72), p < .01), target density (F>1107, 

(2.144) , p < .01), blocks (F*109, (2,144), p < .01), and the comparison by target density (F»4.41, 

(6.144) , p <.01) and target density by blocks interactions (£=531, (4,288), p < .01). The significant 
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differences v^ch caused these effects were also the same as those seen for all blocks. The letters 
and (compound) letters target-task conditions (3542 msec, per target, 3557 msec, per target) were 
significantly slower than the digits and (compound) (%its conditicms (2912 msec, per target and 3200 
,sec. per target). All three levels of target density were agnificantly different from each other 
(2243, 3250 and 4413 msec, per target for the 2,3 and 4 targets conditions). All three blocks early 
in practice were significantly different from each other (3601, 3161, and 3146 msec, per target for 
blocks 1, 2 and 3). 

In blocks 4-10, there was a significant main effect for the target-task comparison (F=7.00, 
(3,72), p < .01) where the digits (2704 msec, per target) and compound (digits) (2851 msec, per 
target) were identified more rapidly than the letters (3309 msec, per target) and compound (letters) 
(3272 msec, per target). There was also a significant main effect for target density (F=8S6, (2,144), 
p < .01), where the 2, 3 and 4 targets conditions were all different from each other (2038, 3001 and 
4064 msec, per target). There was a significant target-task comparison by target density interaction 
effect ^ilar to that seen in the analysis over ail blocks, and shown in Figure 5-4. There was also 
an unexpected blocks effects mam effect in the analyses of the totd time data from blocks 4-10 
(F= 1608, (6,432), p < .01). It apparently resulted because block 8 (2990 msec, per target) was 
significantly faster than block 4 (3068 msec, per target). 

Input Time. The significant effects for input time per target over all blocks were the same as those 
found for total time per target. The data, shown in Figure 5-5, generated a significant main effect 
for the target-task comparison (F=7.32, (3,72), p < .01) «iiere the digits and compound (digits) 
conditions (1636, 1756 msec, per target) were significantly different from the letters and compound 
(letters) conditions (1951, 2053 msec, per target). All three levels of the target density were 
significantly different from each other (F=846, (2,144), p < .01; 1291, 1823 and 2432 msec, per 
target for the 2, 3 and 4 targets conditions). The first block of practice (1983 msec, per target) was 




Figure 5-5. Digits, Compound (Digits), Letters, Compound (Letters): 
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Figure 5-6. Digits, Compound (Digits), Letters, Compound (Letters): 
Input Time Stimulus-Task by Number of Targets Interaction. 
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significantly different than all other blocks (an average of 1847 msec, per target) for input time 
(F=8.94, (9,648), p < .01). Further, there was one significant interaction for input time per target 
over blocks 1-10, and that was for the target-task comparison and target density (F=S.08, (6,144), p 
< .01). figure S-6 illustrates this interaction. The mteraction resulted because letter conditions 
generated a significantly higher increase in input time per target as the number of targets increased. 
The regressions for the four target-task conditions are: 

Input Time = 397.5 (Number of Targets) + 518.0, 

Input Time compound (Digits) = (Number of Targets) + 482.0, 

Input Time Lene,, = 521.0 (Number of Targets) + 493.0, 

Input Time compound (Lettere) = ^69.05 (Number of Targets) + 447.0. 

The post-hoc Neuman-Keuls test for the target-task by den«ty interaction indicated exactly the same 
pattern of results seen for this mteraction in total time per target. Specifically: 

1) when two targets were being identified, digits and compound (digits) were not significantly 
different from each other, but were significantly different from both letters and compound 
(letters), which were not difi'erent from each other; 

2) when three targets were being identified, digits were significantly different from compound 
(digits), both of which were different from letters and compound (letters), however the 
letters and compound (letters) conditions were not significantly different from each other; 

3) when four targets were being identified, digits and compound (digits) were not significantly 
difi'erent from each other, but were significantly different from both letters and compound 
(letters), which were not different from each other. 

The analyses for blocks 1-3 and 4-10 effectively confirmed the results for the overall analy^ 
of input time, and the assertion that learning is essentially completed by block 4, with one caveat 








NAWCADWAR-92088^ 


139 


that will be described below. The analysis for blocks 1*3 generated significant main effects for the 
target-task comparison (F=7.98, (3,72), p < .01), the target density, ^=554, (2,144), p < .01), and 
blocks (F=233, (2,144), p < .01). Again, the di^ts and compound (digits) conditions were 
significantly different from the letters and compound (letters) conditions. All three levels of target 
density were significantly different from each other in the first three blocks. Only block 1 was 
significantly different from blocks 2 and 3, as would be expected based on the results of the overall 
analysis of input time. Finally, there was one significant interaction for input time over blocks 1-3, 
and that was for the target-task manipulation by target denrity. 

The results for input time per target over blocks 4-10 was somewhat more complex than was 
anticipated from the analysis over blocks 1-10. There was the e]q>ected significant main effects for 
the target-task comparison ^=6.81, (3,72), p < .01), and number of targets (F=8S6, (2,1144), p < 
.01). The digit conditions again proved significantly different from the letter conditions (1628,1724, 
1955 and 2032 msec, per target for the digits, compound (digits), letters and compound (letters) 
conditions respectively). The 2, 3 and 4 targets conditions were all significantly different from each 
other (1276,1816 and 2413 respectively). Further, there was the e^qpected significant target-task 
comparison by munber of targets identified mteraction effect (F=5.72, (6,144), p < .01). 

Unexpected was a significant four-way interaction for the target-task by response mapping by denrity 
by blocks effects in the input time data for blocks 4-10. This effect, shown in Figures 5-7a and b, 
apparently occurred with the identification of the compound (letters) targets, vriien four targets were 
being identified using the compound response mapping in block 10 of practice. 

Output Time. The analysis of output time per target for blocks 1-10 (Figure 5-8) revealed three 
significant main effects. The target-task comparison effect revealed that the output of the letters 
condition was significantly slower (471 msec, per target) than the digits and compound (digits) 
conditions (375, 396 msec, per target), and the same as the compound (letters) conditions (430 msec 





Figure 5-7a. Digits, Compound (Digits), Letters, Compound (Letters): 
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Figure 5-7b. Digits. Compound (Digits), Letters, Compound (Letters): 
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Figure 5-8. Digits, Compound (Digits), Letters, Compound (Letters): 
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per target). All three density conditions were significantly different from eadi other (F>263, 
(2,144), p < .01; with 404,417, and 434 msec, per target for the 2, 3 and 4 targets conditions), 
finally, blocks 1, 2, and 3 proved significantly different from Uoda 4'10 (£>61.1, (9,648), p < Dl). 

The analyses for blocks 1-3 and 4-10 essentially confirmed the expected practice effects. 
Blocks 1-3 had significant main effects for the target-task comparison (F«2B6, (3,72), p < BS), 
density (£=5.25, (2,144), p < .01), and blocks (£=108, (2,144), p < .01). The letters target-task 
condition (527 msec, per target) was significantly different from the d^ts (419 msec, per target), 
compound (digits) (453 msec, per target) and compound (letters) conditions (482 msec, per target). 
The 2 targets condition (456 msec, per target) was significantly faster in the first three Mocks than 
the 3 or 4 targets conditions (470 and 483 msec, per target). All three blocks were significantly 
different from each other (535, 441 and 436 msec, per target for blocks 1, 2, and 3). 

The output time for blocks 4-10 showed one significant interactkm. and three main effects. 
The target-task comparison was significant because the output of the two digits conditions were 
significantly different from the two letter conditions (F=3B0, (3,72), p < .05; 357, 372, 447 and 408 
msec per target for the digits, compound (digits), letters and compound (letters) conditions). The 
target density manipulation was significant at all three levels, (£=312, (2,144), p < .01; 380, 395 and 
413 msec, per target for the 2, 3 and 4 targets conditions). Somewhat surprising for the data from 
blocks 4-10 was a significant main effect for blocks (£=523, (6,432), p < .01). This effect resuhed 
because output performance was still significantly imi»'oving for Mocks 4-7, which were significantly 
different each other and from blocks 8,9 and 10 (the mean output time per target fw blocks 4-10 
were: 413, 399,403, 402, 386, 383 and 384). The significant interaction effect was foi the response 
mapping by target density (£=5.17, (2,144), p < .01). As may be seen in Hgure 5-9, this effect is 
due to the output time per response increasing with an increase b the target density. The rate of 
berease was tunce as fast for the compound response mapimig as it was fw the separate response 








Figure 5-9. Digits, Compound (Digits), Letters, Compound (Letters): 
Output Time - Response Mapping by Number of Targets Interaction 

Blocks 4-10 
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mapping (21.0 msec, per Target 2 for the compound response m^)puig versus 11.0 msec, per target 2 
for the separate response mapping). The Neuman-Keuis test for this interaction showed that there 
were significant differences in the response maf^Hng udien three or four targets were being 
identified. The functions seen in Figure S-9 are described by the equations: 


Output Time sep»nte “ (Number of Targets) + 363.0 
Output Time compound “ (Number of Targets) + 340.0. 
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DISCUSSION 


The analyses for the digits, compound (digits), letters and compound (letters) amditum 
confirmed the study in Chapter 4, and the significant difference in identification of digits and letters. 
Because the study conducted in Chapter 4 demonstrated that there were significant differences for 
the identification of digits, letters and separate digits and letter codes, the impact oi including 
irrelevant codes in targets in an identification task is more complex. Given the difference between 
digits, letters, and digits and letters together on the same display, it is reasonable to eiqiect that the 
performance effects seen by including irrelevant codes when digits are being identified could be 
different from the performance effects seen by including irrelevant codes udien letters are being 
identified. The bottom line, based on the results described above, is that the presence of irrelevant 
codes in the targets does affect performance, and the nature of the effect is dependent on the 
particular category of code bemg identified. 

The assessment of performance accuracy in this study, as was the case with the previous 
study, requires some caution. The percent correct data is very close to 100%, which corresponds to 
the ma ximum limit of the scale. It could therefore be argued that the significant effects foimd in the 
percent correct data, as well as the other performance indices, were affected by an accuracy ceiling 
effect. This means that the sensitivity of the percent correct data in assessing accuracy may be 
artificially enhanced or suppressed due to the nature of the percent correct scale, and therefcue the 
effects seen may not be representative of actual performance. Further, due to the tendency for an 
intenelationship between speed of responding, as indicated by the latency measures, and accuracy, 
measured by the percent correct data (Pachella & Pew, 1968; Pachella, 1974), the latency measures 
may be affected as well. However, the magnitudes and con^ency ctf the findings suggest that a 
ceiling effect has not seriously impacted this study, and therefore the results will be interpreted 
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below without further mention of this issue. Table S-4 summarizes the actual and relative changes in 
each of the significant latency main effects, and will serve as the basis for much of the remaining 
discussion. 

Depcndoit Measures 

Percent Correct The percent correct data served as an indicattM’ of performance accuracy in this 
study. The accuracy was affected by the different types of target-tasks. Specifically, the digits 
condition proved to be less accurate than the compound (di^ts), letters and compound (letters) 
conditions once the performance differences due to learning had stabilized, as shown by the 
significant main effect for the target-task comparison in the percent correct data from blocks 4-10. 
Therefore, it can be speculated, based on the percent correct data, that one effect of including 
irrelevant codes in a display for a target identification task is to cause subjects to identify targets 
more accurately than they might otherwise. However, because this effect was found only for the 
identification of digits, the benefits for accuracy in including irrelevant codes may be limited to only 
certain categories of target codes in an identification task, e.g those categories of code symbols 
which lend themselves to rapid identification. 

Total Time per Target The latency data showed that both the digits and compound (digits) 
conditions were identified significantly more quickly than were the letters or compound (letters). 
There were no statistically significant differences in the main effect for the target-task comparison 
between tasks with irrelevant codes and the corresponding tasks without irrelevant codes in the 
display, i.e. compound (digits) versus digits, and compound (letters) versus letters. However, the 
si gnifi cant target-task by target density interaction not only confirmed the ugnificant differences 
between the digits and letters conditions, but also proved that the compound (digits) were identified 
more slowly than the digits when two targets were being identified. Thus, the identification of digits 







Table 5-4. Digits, Compound (Digits), Letters, Compound (Letters): 
Differences for Significant Latency Main Effects. 
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was slower when done in the presence of irrelevant codes. While, there was no si gnificant difference 
between the digits and compound (digits) ndien four targets were being identified, this may be due 
to the increased variability of performance as in the conditions with higher target denaty. The 
regressions for the target-task by target density interactum show that the rate of increase m total 
time per target is different for the digits, compound (di^ts) and both letters conditions. Therefore, 
it can be concluded that the presence of irrelevant codes in a targets slows down the rate of 
identification of certain categories of targets, and this effect occurs even v^en the noise code 
symbols and noise code category are totally irrelevant to the identification task, in contrast to the 
suggestions of Proctor & Fober, 1988 and Pasher & Baylis, 1991*’**. 

Having established that the compound (di^ts) and digits conditions are processed differently 
both in terms of speed of identification and accuracy, it is of interest to speculate on the potential 
aspects of processing that might be generating these effects. Comparing the rates of increase in 
total time per target for the digits, compound (di^ts), letters and compound (letters) as indicated by 
the slopes for the regressions in Figure 5-4, it may be seen that the slope for the compound (digits) 
regressions is approximately midway between that seen for the digits and letters conditions. This 
suggests that the additional processing imposed by the irrelevant codes in the compound targets is 
not qualitatively the same as that imposed by the identification of relevant targets. If the relevant 
and irrelevant codes were processed the same, it would be cxpctXsA that the slope for the compound 
(digits) would be twice that for the digits alone, clearly that is not the case. Therefore, the change 
in processing due to the use of compound targets in the identification of digits is probably due to a 
qualitative change in processing which causes the di^ts not only to be identified more slowly, but 
also more accurately. 

Input & Output Time per Target The partitioning of total time per target into input and output 
time per target retained the differences between the digits, compound (digits), letters and compound 
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(letters) conditions. Both input and output time generated the same significant main effects for the 
target-task conditions, i.e. the letters and compound (letters) conditions were comparable to each 
other and significantly slower than the digits and compound (di^ts), ndiich were also equivalent to 
each other. Input time per target and output time per target showed different results with regard to 
the target-task conditions by target density interaction. The results for input time per target were of 
a smaller magnitude than those seen for total time, but retained an identical pattern of significant 
differences between the target-task conditions as a function of target density. Further, the relative 
change (as described by percentage of change in Table 54), was the same for total time per target 
and mput time per target. This was not the case for output time per target. Thus, the significant 
difference for the identification of compound (digits), (by virtue of the target-task by number of 
targets interaction for input time, and no effect for the compound targets in output time), suggests 
that the impact of the presence of irrelevant code, when present, is due to the reading of targets in 
the display and the encoding of information into memor/ as opposed to the taking of information 
from memory, translating it to and then executing the responses. This is in keeping with the 
definitions of input and output processing offered by Teichner (1977,1978). 

In addition to the interaction effects described above, the target density manipulation 
showed significant main effects for all four dependent measures. As more targets were presented, 
accuracy decreased significantly when four targets had to be identified. The rate of responding 
decreased sig nifican tly for all levels of the number of targets manipulation. The effects were linear 
functions of the target density, as may be seen in Figures 5-4 and 5-6. Therefore, because total, 
input and output time are rate measures in this study, it may be concluded that the more targets 
being identified, the more time consuming is the processing required. Further, the increase in time 
required reflects the processing required to read targets from the display, encode them into memory, 
and then, take the targets from memory and translate them to correct responses. The ^nificant 
interactions between the target-task conditions and target density, for both total time per target and 
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input time per target has further implications for the nature of the processing required in this task. 
The overall rate of identification, as indicated by total time, decreased faster for the letters and 
compound (letters) as the number of target maeased, than it did for the digits and compound 
(digits) conditions. This finding was etq>ected based on the results in Chapter 4, and since 
performance became less accurate and slower with an increase in the target density, this suggests 
that the process of identifying letters is somehow less efficient than that for identifying digits. 

The response panel mapping showed minimal effects in this study, though it did become 
involved in one input time interaction, and one output time interaction late in practice. The analysis 
of data from blocks 4-10 shows that after the initial learning, there was a target-task by response 
mapping by target density by blocks of practice effect for input time, and a response mapping by 
target density interaction for output time. The input time interaction reflects a significantly higher 
input time per target in block 10 for the identification of four, (compound) letter targets using the 
compound response mappmg. The output time interaction shows that the rate of decrease in output 
for the compound response mappmg as the number of targets increased was twice that for the 
separate response mapping (as indicated by the regression slopes in Figure S-9). This fmding is 
consistent with the response mapping by target density mteraction found m Chapter 4. Clearly then, 
the mapping of two codes to a single response slows the rate of responding, and the impact of that 
reduction in output becomes more problematic as more targets (and therefore responses) must be 
made. 


The input time interaction involving response mapping can be explained if the condition 
where four, (compound) letter targets, using the compound mapping, is considered to be one of the 
most difficult. This intuitively makes sense due to the high target density, the high number of codes 
to be read from the display and processed (i.e. both relevant and irrelevant codes) and the complex 
response mapping. If this condition is accepted as among the most difficult to perform, then it may 
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be speculated that this result was due to subject fatigue after extensive time on task. The [wesence 
of this significant interaction, subtle though it is, supports the pr<^>osition that the response side of 
the task can and does impact the way information is read in from a display and encoded into 
memory. However, if this is a fatigue factor, the effect would best be described as slowing down the 
overall rate of input, rather than affecting the nature of processing per se. This effect would be 
incorporated as part of the a or arousal term of the Tdchner model (Teichner, 1977,1978; Teichner 
& Williams, 1977). 

The effects due to time on task, defined by the number of blocks manipulation, showed 
signiftcant main effects for all the latency measures. The analyses for blocks 1-3 showed significant 
reductions in latency, or increases in the rate of identification through the first three blocks. 
Surprising, however, were the significant main effects for practice found in blocks 4-10 for total time 
per target and output time per target. The block effect in total time per target resulted from a 
significant increase in the rate of identification in block 8 relative to blocks 4-7 and 9-10. This 
increase was relatively small in magnitude, and may be tied to the significant practice effect for 
output time. The block effect for output time resulted because targets were responded to 
significantly faster in block 7 than they were m the other blocks in the analysis of output time for 
blocks 4-10. Further, an examination of the trend in performance over blocks 4-10 shows that there 
was a fairly consistent improvement in performance through blocks 4-7. Thus, the significant 
difference in block 7 is attributed to a continuation of the learning effect seen in blocks 1-3. It is 
probable that the significant difference found m total time per target for block 8 is due to a gradual, 
cumulative improvement of both input and output performance through blocks 4-8, however the 
effect was so gradual that the trend did not generate a more persuasive main or interaction effect. 


Summary of Results 
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The results for each of the e]q>eruneotal predictions are Mnni>niriy^4 below: 

1. There were significant differences in performance due to the presence of irrelevant codes in 
targets when identifying digits as measured by both accuracy and all three latency measures, 
therefore, the processing of targets is affected by the [vesence of irrelevant letter codes. 

The direction of performance changes seen in the digits suggest that the presence of 
irrelevant codes m digits identification had the effect of making digit identification 
performance more like that seen with letters, and the separate target conditions described in 
Chapter 4. 

With regard to the identification of letters in the presence of irrelevant digit codes, there 
were no significant differences in the accuracy, total time per target, or output time per 
target measures for the identification of letters from single letter targets versus identifying 
letters from compound digit-letter targets, suggesting that the presence of irrelevant codes 
does not affect the identification of letter targets. However, there was evidence for a very 
subtle interaction effect for input time per target. This is attributable to a four-way 
interaction in the analysis of input time per target for blocks 4-10 between the target-task 
conditions, response mapping, target density and blocks. The effect arose due to a 
significant drop in performance in block 10 for the identification of compound (letters) using 
the compound response mapping. In effect, this interaction suggests that the presence of 
irrelevant codes in the identification of letters contributed to a significant fatigue effect late 
in practice. It is speculated that this condition is more difficult than other conditions 
because of the specific target-task, number of targets, and response mapping combination 
involved, and therefore fatigue was found in this condition before it was detected in the 
other target-task, target density and response mapping combinations. With additional blocks 
this effect would therefore appear in the results for the other target-task conditions. Thus, 
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though a very subtle effect, this interactiou shows that the presence of irrelevant digit codes 
in the identification of letters can impact input processing. Though the effects due to the 
fvesence of irrelevant codes is very different m the identificati(» of digits and letters, 
prediction 1 is confirmed for both the digits and letters codes. 

2. While significant differences were found in output time for the identification of digits versus 
the identification of letters, as was expected based on the findings of Chapter 4, there were 
no significant differences between the digits and compound (digits) or letters and compound 
(letters) conditions. This means that prediction 2 cannot be rejected based on the empirical 
data. Therefore, it is reasonable to suggest that irrelevant codes are filtered in the course of 
input processing and are not encoded into memory, though they may affect processing by 
raising the level of arousal (the a term in the Teichner model) and thus affect output by 
increasing the rate of responding. 

3. Prediction 3a and 3b concerned the magnitude of processing differences found between the 
identification of single targets and compound targets with relevant codes, if significant 
differences were found. As prediction 1 was proven true, and significant differences were 
found for the identification of di^ts and compound (digits), predictions 3a and 3b can be 
addressed. Prediction 3a, stated that if the order of magnitude for the difference between 
the single target and the compound target with an irrelevant code was on the order of twice 
as long, that the processing of the two codes in the compound target must be comparable, 
and that m fact each code constituted a unique target. The examination of Figures S-4 for 
total time per target, and Hgure 5-6 for input time per target, as well as the relative 
differences reported in Table 5-4, show that the relative cost for identifying digits from 
compound targets is approximately half agam the time required for identifying digits from 
single targets. This effectively confirms prediction 3a, and it can be concluded that the 
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processing effects from irrelevant codes are due to filtering the codes during input rather 
than the encoding of the irrelevant codes into memory. Thus irfiile the noise codes receive 
processing during input, the processing is qualitatively different for the noise codes than it is 
for the relevant code symbols. 

4. Prediction 4 related to the impact of the re^Kmse mappng on total, input and output time 
per target. It stated that: If the respcmse mapping shows a significant interaction with the 
target density as measured by one or more of the latency measures, then the response 
mapping affects the way information is processed in an identification task. There was a 
significant interaction in the final seven blocks of practice (blocks 4-10) between target 
density and the response mapping effect in the output time data. Therefore, prediction 4 is 
confirmed with regard to the translation of information in memory to responses and the 
execution of those responses. Further, the regressions shown in Figure 5-9 suggest that the 
rate of identification with compound response mappings slows twice as fast as that seen with 
the separate response mapping. Therefore, as more targets are identified, the slower the 
output with the compound mapping relative to the separate response mapping. This finding 
is consistent with that seen in Chapter 4 for output time, except that the effect was found 
through all blocks in those analyses. Hnally, the impact of response mapping is not 
demonstrated with regard to total time per target or input time per target. This shows that 
there are differences between performance as measured in input and output processing. 

5. As mth the study described m Chapter 4, the effects found due to the manipulation of 
target density were persistent throughout the experiment, and pervasive across the 
dependent measures. There was a significant main effect for target density and percent 
correct, as well as total, input and output time per target. Accuracy decreased as the target 
density increased, and the rate of identification decreased as that density increased for 
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overall, input and output processing. In addition, as described above, there were a variety of 
significant interaction effects involving the target den^ manipulation. Therefore, in 
accordance with prediction 6, it is concluded that the target density is a direct manipulation 
of the amount of information processed in an identification task. 

Oltiectives 

This study continued to address the theoretical, methodological and application objectives 
which were addressed in Chapter 4. These objectives wiU now be reviewed. The first objective was 
to assess the utility of the Within-Task Subtractive (VfiTS) method of partitioning response latency 
in asses»ng performance in an identification task, and its utility in extending the results from such a 
study to theoretical and application concerns. Chaffer 4 showed that there were significant 
differences with regard to the input and output processing of angle element targets from both single 
and multiple code categories, i.e. the comparison of digits, letters and separate targets. The use of 
the WiTS methodology demonstrated that measurement of input and output time per target allowed 
the differences in performance due to the manipulation of the codes being identified to be attributed 
to the input and/or output aspects of processing. The use of a WiTS methodology allowed a 
number of subtle effects with regard to the manipulation several factors traditionally manipulated in 
the study of processing. One factor included the particular codes being used in the identification 
task and their spatial and categorical relationship to each other. A second factor related to the 
number of codes present on the display. The particular response mapping used for the identification 
task served as a third factor, while the amount of eiqwrience with the task served as the fourth 
factor. The results found with these manipulations have been measured and explained, and 
therefore this objective has been met. 
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This chapter has shown that the presence of a non-redundant, irrelevant code in the tar^ 
impacted the overall response latency as measured by total time per target. The nature of this effect 
was relatively subtle in that the impact on perfwmance in identifying targets in the presence and 
absence of irrelevant codes differed depending on the particular code being identified (digits or 
letters) and was demonstrated only in the crmtext of interaction effects between the various 
experimental manipulations. Further, and more to the point with regard to objective 1, the use of 
the WiTS response time partitioning methodology showed that the locus oS the irrelevant code effect 
is clearly in input processing. No differences for the presence of irrelevant codes were found in the 
output time per target measure. Thus, this result illustrates the utility of partitioning response time 
into input and output components. 

Objective 2 related to the demonstration and validation of the general approach to assessing 
display and response codes, and alternative response panel mappings as a function of task load in an 
identification task. The ability to detect and expl^ the findings of this experiment with regard to 
accuracy, total time per target, input time per target and output time per target de facto meets this 
objective. Even with the finding of unexpected ugnificant effects, such as that for the four-way 
interaction found for mput time in the analyses of blocks 4-10, it was possible to provide a 
meaningful interpretation of the results that suggested how the identification of certain target-task 
combinations using certain response mapping could affect input processing as a function of practice. 
Therefore, objective 2 has been met. 

Objective three was the basis for the formulation of ivediction 1. The finding of significant 
differences in accuracy of target identification, the rate of target identification as measured by total 
time per target, and input processing as measured by input time per target as a function of the 
presence of irrelevant codes in the identification of digits or letters demonstrates how this objective 
was met. Further, the results of this study indicate that the effects of identifying targets in the 
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I^esence of irrelevant codes is subtle, and dependent on the particular cat^oiy oi targets being 
identified. The identification of digits became both more accurate and slower in the presence of 
irrelevant letter codes. The identification targets became sli^itfy slower late in practice, when a 
large number of targets was being identified using the compound response mapfung, suggesting that 
this condition created a fatigue effect after extensive time on tasL Therefore, the understanding 
developed in Chapter 4 regarding the impact of identifying subsets of codes frcm different categories 
has been extended, and objective 3 has been met. 

The fourth objective concerned the impact of ahemative response mappings on performance 
in the identification of targets. While there were a number of effects for the response mapping in 
the study described in Chapter 4, the results for this study were less pervasive and even more subtle. 
Only two significant interactions were found for the response panel manipulation, and both of these 
were in the analyses for data from blocks 4-10. Response mapping effects were e)q)ected and found 
for the output time per target measure, because, on an intuitive basis it makes sense that the 
response mapping would affect output processing. The significant interaction for response mapping 
by target density which showed that the compound response mapping had a slower rate of output as 
the target density increased. These results suggest that there is a moderate cost in output processing 
for using the compound response mapping relative to that seen for the separate response mapping. 
Further, the input time four-way interaction for target-task, response mapping, target density and 
blocks in blocks 4-10 suggests that there may be a fatigue effect in the reading of information from a 
display and encoding it into memory which is contributed to by the particular response mapjang 
used. Thus, this study demonstrated that the response mapping can affect both input and output 
processing, meeting objective 4. 

The utilization of rate measures in the form of total, input and output time per target in 
conjunction with the manipulation of target density allows the relative contribution of input and 





Figure 5-10. Digits, Compound (Digits), Letters, Compound (Letters): 
Total, Input & Output Time by Number of Targets. 
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Figure 5-11. Digits, Compound (Digits), Letters, Compound (Letters): 
Percent of Total Time accounted for by Input & Output Time 
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output to overall processing to be assessed, as well as bow the processing in input and output might 
be qualitatively different from each other. This objective was addressed in Chapter 4 through the 
use of a graph showing the relative change in total, input and output time per target as a function of 
the target density, and discussing the slopes and intercepts for the regressions of each dependent 
latency measure. This approach is replicated here in Rgures 5-10 and 5-11. The first thing to be 
noted from these figures is that the results for the regresaons shown in Figure S-10 for the total, 
input and output time per target measures in identif^ng digits, compound (digits), letters and 
compound (letters) are essentially the same as those seen in Figure 4-10 for the identification of 
digits, letters, and separate (digit and letter targets in separate cells). Given the common data for 
half the conditions seen in Figure 5-10 with those in Figure 4-10, this is not surprising, but the fact 
that the slopes and intercepts are so similar despite the presence of some unique conditions does 
reaffirm the relative consistency of the relationship between total, input and output time. The 
findings of significant main and interaction effects for the target density for total, input and output 
time confirms the assertion that the identification of target contains significant information 
processing components. Further, because there were effects for both input and output time, it b 
concluded that both input and output involve significant processing components. Together, Hgures 
4-10 and 4-11 show that the bulk of processing in target identification takes place during input. 

The interpretation of the slope of the regressions involving target density as a measure 
rate of change in processing is supported by the intercepts seen in input and output time. Sim|de 
reaction times, i.e. response latencies where no discriminations are required in the display and no 
choices are required in the response, show a response time on the order of 200 msec. (Luce, 1964). 
This time also corresponds to the movement time between the rest position and a sii^e response 
button (Fitts & Seeger, 1953; Fitts, 1954). If the regressions for input and output time per target ate 
extrapolated for the condition where no targets are identified, the intercept should be close to that 
found in simple reaction time tasks. The empirical intercepts found in Hgure 5-10 are m fact 154 
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msec, for input time, and 373 msec, for output time, which effectively validates this interpretation of 
the slopes and intercepts for these measures given the target density. Therefore, objective 6 has 
been met, the results provide empirical support for the assertion that input and output time per 
target are essentially measures of input and output processing, 
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Appiicatioiis & Leasoas Leaned 

One goal in this study was to provide results that would be meaningful to enpneering, as 
well as theoretical applications. Therefore, study will be summarized in the form of identifying 
prospective principles and guidelines in terms of both general methodological issues, and specific 
recommendations with regard to the effects of relevant and irrelevant codes. 

1. The presence of irrelevant (noise) codes which from a category that is never relevant, i.e. 
symbols that are from a distinct category from that of the target codes depends on the 
particular category of code being identified. The effect of having irrelevant codes present 
when codes from the relevant category are processed more quickly and less accurately than 
they could be will be to slow down the rate that the codes are input and increase the 
accuracy with which they are processed. It may also be the case that the presence of 
irrelevant codes in a display and more complex response mappings may interact to cause a 
more rapid onset of fatigue, and therefore, with an extended time on task, the noise codes 
contribute to slower identification and reduced accuracy. Given these findings, it was 
concluded that while noise codes do affect processing, the effects may be very subtle. 

Further study of the effects of irrelevant codes is certainly warranted given the results in this 
study. 

2 . The results showed that when the relevant codes are digits, and the irrelevant codes are 
letters m an identification task, the effect of the noise (letter) codes is to inaease the 
accuracy of the identification, and decrease the rate of identification. The change in 
accuracy was seen across all blocks of practice, while the slower rate of identification for 
digits in the presence of noise letters was seen only later in practice. When the task was 
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demanding, l.e. there were a large number of targets to be identified, the relevant codes 
were letters, and the noise codes were digits, and the responses were made with the 
compound response mapping, the rate of identification was significantly slower than it was 
with the other target-task-response mapping conditions. 

3. The results suggest that the compound response mapping, and a high target density 
contribute to a fatigue effect in input, particularly with the identification of letter codes. 

This supports the assertion that response mapping and target density make the identification 
task more complex and cognitively demanding. 

4. It appears that there are three primary effects associated with the presence of noise codes in 
a display. First, accuracy of identification may be increased for certain very rapidly 
identified codes, e.g. digits. Second, the rate of input is slowed down, probably because of 
the costs of filtering out the irrelevant codes. When the codes are from an irrelevant code 
category and are affected by the presence of noise codes (e.g. digits in the presence of noise 
letters), it appears that the irrelevant codes are processed, however because the increase is 
not comparable to the increase associated with additional relevant codes, it is concluded that 
the input processing associated with the noise codes is qualitatively different from that seen 
with the relevant codes. Second, the presence of noise codes may cause an increase in the 
rate of output, e.g. for the identification of letters in the presence of digits. This increase is 
attributed to an mcrease in the level of arousal (e.g. Grice & Gwynne, 1987) which 
effectively increases the rate of processing. 

5. This study confirms the finding from Chapter 4; that digits are read from the display and 
encoded into memory faster than are letters on a per code basis. In fact, the difference 
between digits and letters was even more distinct m this study than it was in Chapter 4 
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because there was a significant main effect found for the comparison of input times for the 
digits conditions and letter conditions. 

6. Consistent with the previous study, it can be concluded that the response mapping affects 
the way information is read from the display and encoded into memory. However, the 
effect of response mapping in this study was very subtle as it was found for only one of the 
noise target-t^ conditions (letters), with a high target density, and after a substantial 
period of time-on-task. Thus, with a complex and difficult task where fatigue may be 
contributing to the effect, the complexity of the response mapping should be considered 
during design whenever fatigue is an issue. 

7. As with the previous study, the more codes that are presented to be identified, the slower 
will be the rate at which the codes processed. The effect is pervasive and affects overall, 
input and output processing. 

8. Again, Teichner’s theoretical distinction between input and output appears to be justified by 
the empirical results. 
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CHAPTER 6 • Identificatioii of Siofle vcmu Multiple Codes 
fttMD Multiple Code Tai^pets. 

This chapter summarizes the results from the third in a series of studies examining the 
effects of display and response codes in an identification task. Chapter 4 describes the first of these 
studies, and examines the performance seen from identifying targets consisting of a single 
alphanumeric code. The results of that study showed that: 1) subsets of digits codes were processed 
differently from subsets of letter codes as measured by identification accuracy, overall response 
latency, input time and output time; and 2) that the identification of a subset of codes consisting of 
both digits and letters caused performance to be comparable to that of the least accurate and 
slowest identified of the component code categories as measured by identification accuracy, total 
time, and input time, but generated worse performance than that seen with either of the component 
categories as measured by output time. 

Chapter 5 described the second study in the series and continued to examine the effects of 
display and response codes on information processing in an identification task. The tasks used in 
that study were comparable to the identification of angle code categories seen in the first study, 
however the targets used were more complex because each target consisted of both a digit and a 
letter code. However, while subjects saw targets consisting of two codes from two different 
cat' iTories, (i.e. digits and letters), they were instructed to identify only one of the codes in each of 
the targets, (i.e. digits or letters). The results from Chapter S demonstrated several subtle effects. 
First, the presence of the irrelevant target code caused performance accuracy to improve for the 
identification of digits. This improvement m accuracy came with a slight cost in terms of the rate of 
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target identification, as became evident in those conditions ndiere there were larger numbers of 
targets to be identified. The locus of the effect of the irrelevant target code was shown to be in 
input processing, as defined by Teichner’s processing model and the Within-Task Subtractive 0\^TS) 
response time partitioning methodology. There was an additional effect found for the presence of 
irrelevant codes in input time per target, v^ch was found late in practice. This effect showed that 
the identification of letters using a relatively high compound target density and the compound 
response mapping led to slightly worse performance after approximately 270 trials than that seen 
with the identification of letters from single (letter) targets or the identification of digits from single 
or compound targets after the same number of trials. Thus, the presence of the irrelevant target 
codes apparently contributed to a fatigue effect late in practice. 

The objectives of this study are consistent with those found in Chapters 4 and S, and seek to 
extend them to the case where targets with multiple relevant codes are being identified. Specifically, 
the objectives are to: 

1. Demonstrate the utility of the Within-Task Subtractive method of partitioning response time 
in terms of a) assessing performance in an identification task, and b) demonstrating the 
theoretical and practical implications of particular information codes and code arrangements 
have on information processing. 

2. Assess the relative performance in terms of overall, input and output procesdng for codes 
which are integrated into single targets versus when the codes are in mdependent targets. 

3. Assess the relative impact of alternative response mappings on mput and output processing. 
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The studies reported in Chapters 4 and 5 describe a variety effects fw the arrangement 
of codes on the response panel. These effects were found to be fairly subtle in that there were no 
main effects for the response mapping, but instead atppcaied in the form of a variety of interactirm 
effects. Further, there were effects seen in both input and output processing, demonstrating that the 
output side of the identification task was having an impact on the way subjects read information 
from a display and encoded it into memory. 

The study described in this chapter will continue to assess the impact of display and 
response codes on information processing in an identification task. However, the focus in this 
chapter will be on the identification of codes in complex targets, i.e. the identification of both the 
digit and letter codes presented in a single, compound target. Given the significant effects found in 
the earlier chapter for comparing single targets from multiple code categories, the separate target- 
task condition will be used as the control condition for this comparison. 

In overview, the results for the first two studies clearly show that: 1) the particular codes 
used as targets can and do affect input and output processing; 2) the presence of codes from two or 
more categories change performance relative to identifying codes from a single category, 3) the 
presence of codes in a single target change performance relative to when those codes are not 
present, and the effects seen will depend in part on the particular codes used; and 4) the particular 
response panel used can affect how targets are identified in terms of both how targets are read fram 
a display and encoded into memory, and taken ffom memory and translated to a response. AH these 
results were obtained when the identification task required the identification of a single code from 
the targets used. This study will now assess the identification of targets with multiple, relevant, code 


attributes. 
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Targets in complex visual displays often are designed to encode several types of information 
within the same target, or what many times is an icon or symlwL This is done in a variety of ways. 
One common mechanism for encoding more information into a single target is through the use of 
multiple attributes as codes, e.g shape, aze and/or and color. This i 4 >proach is common in iconic 
formats such as those used to show system status, or those seen in object oriented interfaces (such 
as that seen in the Apple Macintosh computer, or the Microsc^ Windows <q>erating system; eg. 
Wickens, 1980; Shneiderman, 1987; Brown, 1988). A second approach to encoding more information 
is through the use of a variety of alphanumeric labels, each of which references a different piece of 
information about the proximal target. This is an approach frequently used in tactical displays in 
aircraft, and air-traffic controller displays, (e.g. Van Cott & Kinkade, 1972; MIL-STD-1473C,1983; 
Andre & Wickens, 1988). This latter approach fits in conveniently with the particular codes and 
tasks described in the earlier chapters of this report, and will therefore be the basis of this study. 

The question posed by this study is: How does the identification of multiple code targets 
compare to the identification of single code targets as measured by accuracy, overall response time 
per target, input time per target and output time per target? The question will be answered, at least 
in part, by comparing the compound and separate tar^-task conditions. These conditions are fully 
described in Chapter 3. The compound target-task amdition presents subjects with a single target 
composed of a digit and a letter code and requires that the subject identify both codes. The 
separate target-task condition presents subjects with both digjt and letter codes. However, the 
subject responds to a single digit ss. Icftcr code. Because it was shown in Chapter 4 that the 
performance seen in identifying codes fi’om two categories is different from that in identifying targets 
from single code categories, the separate target condition is clearly the best choice as a comparison 
condition for this study. 
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Before consideration is given to the po6s9)le outcomes of this study, and the potential 
theoretical implications of those results, it is apfM'opriate to revisit the dependent measures in the 
context of the two target-task conditions used in this study. It should be readily apparent to the 
reader that if the target density is kept constant, and the compound target-task condition has twice 
as many codes per target than the separate target-task conditicm (all of which must be identified), 
then, logically, twice as many responses are required for the compound targets. As a result, there 
are twice as many opportunities for making errors in identifying the codes in the compound targets 
and the basic mechanics of responding should also make the response time take twice as long. This 
obviously complicates the formulation of experiment predictions, and the interpretation of the 
results. None the less, some predictions are possible with regard to the rate of identification 
measures if they are adjusted to take into account the number of codes being identified rather than 
the number of targets, as was done in the previous chapters. In effect, this means that for the 
compound and separate target-task conditions to be considered equivalent, the rate of target 
identification for the compound conditions should be twice that seen for the separate conditions for 
the same number of targets. This logic applies equally well to the total, input and output time per 
target measures. 

If the codes are being processed identically for the separate and compound target-task 
conditions, then it can be intuitively expected that the total, input and output time per target 
measures for the compound target-task conditions would be twice those for the separate target-task 
conditions. However, there is one additional factor to be taken into account in generating a 
prediction for the total time per target and input time per target measures. This factor relates to 
the reading of the target codes from the compound targets, and their close proximity to each other. 
Both the codes read from the compouiKl targets may be obtained in a sin^ visual dwell’^, Le. 

dwell refers to those movements of the eye associated with the reading of information from 
a visual display. Harris, Glover & Spady (1966), and Morrison, (1968) note that while there are 
movements associated with the reading of information from a target in a display, they are relatively 
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there is no need to move the eye and fixate on the second target because both codes are in a single 
target, and that target falls entirely within the fovea of the eye. Therefore, it can be ej^pected that 
there will be a net sanngs in the rate of reading codes from the compound targets relative to the 
time required to read a comparable number of codes from the separate targets. Further, because 
the movement time between dwells is fairly constant and not affected by the amount of information 
in the display (Harris, Glover & Spady, 1986; Tole, Stefdiens, Vivadou, Ephrath & Young, 1983), 
this saving should be relatively constant regardless of the number of targets actually being fixated. 
Therefore, in summary, it can be expected that the total and input time per target for the compound 
target-task conditions should be slightly faster than twice that for the separate target conditions, and 
the advantage will be constant regardless of the target density. 


DESIGN 


Hgure 6-1 shows that four factors are manipulated for this study in a split-plot factorial 
desi^. The target-task type and response mapping are employed as between-sulqects factors, and 
target density and blocks of practice are used as within-subjects factors. There were 10 subjects in 
each level of the between-subjects factors so that this e]q>eriment represents the data from 40 
subjects. It should be noted that this study uses two between-subject conditions that were analyzed 
as part of Chapter 4 so that 20 of these subjects define the same data set used in that chapter. Data 
for two dependent variables were collected during the experiment, these being percent correct over 
all trials for a given condition within each Mock, and the response time for each response within a 


Mwall and short in duration. Therefore, they {wovide data to suf^xHt the argument that the pattern 
of visual scanning around a target with information procesring. By subtracting the times associated 
with huger movements, eg. the time associated with saccades between dwells, (100-300 msec.; 
Young & Sheena, 1975), it is theoretically possible to calculate the exact amount of time spent 
obtaining information from a target. (See also Tole, et al., 1963). 
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trial. From the response time data, total response time per target, input time per target, and output 
time per target is calculated using the V^TS methodology described in Chapter 2. finally, the 
average total time per target, input time per target and output time per target are calculated, and 
these are used as the basis for statistical analysis of performance for each condition vrithin a block of 
practice along with percent correct. 

There are two levels of the target-task manipulation. The separate condition refers to digits 
and letters being used as targets, vnth one code in each cell. The compound target-task condition 
refers to targets that consist of a digit and a letter. Sulqects are instructed to identify all the digits 
and letters presented on a display during each trial for both target-task conditions. The digits used 
are selected from the set: 1, 2, 3, 4, 5, 6, 7 and 8. The letters used are selected from the set: A, B, 

C, D, E, F, G and H. Targets were randomly assigned to two, three or four cells in the 16-cell 
display matrix. The number of cells with targets in them was determined by the number of targets 
to be identified, (or code target density), therefore there were three levels target density. There 
were two levels of response mapping. The separate response mapping had a single digit or letter 
code associated with each of 16 response buttons. The compound response mapping had a digit and 
letter code associated with each of 8 response buttons. Additional information regarding the targets 
used, the counter-balandng of codes within targets, the response mappings, and the displays and 
apparatus used may be found in Chapter 3. 

With the experimental design and the rationale given above, it is now possible to formulate 
some empirical predictions for the identification of codes in angle and compound targets. 

1. If the latency performance seen from the compound target-task conditions is approximately 
twice that seen for the separate target-task conditions as indicated by the rate of change in 
time per target (as measured by total time per target and mput time per target), then the 
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overall and input processing of the compound target-task conditions is the same as that seen 
in the single code per target conditions. 

If there is a significant interaction effect involving the response mapping and the target 
density, then it can be concluded that the response mapping affects the way information is 
processed in an identification task. Such a result would be consistent with the results of 
Chapters 4 and 5. Further, if such an effect is found in mput time per target, then the 
response mapping affects the way information is read from the display and encoded into 
memory. If an interaction effect with response mapping and target density is found in 
output time per target, then the response mapping affects the way information is taken from 
memory and translated to a response. 
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RESULTS 


The basic comparison of the separate and compound targets is performed through a series 
of multi-variate analysis of variance (MANOVA) procedures. All MANOVAs were performed using 
the Complete Statistical Software fCSS: Statistical analysis package for MS-DOS computers 
(StatSoft, 1991). Post-hoc comparisons for significant effects were performed using the Newman- 
Keuls procedure (Kirk, 1982; StatSoft, 1991) included as part of this statistical software^^ A 
separate MANOVA was performed for each of the dependent variables: Percent Correct, Total 
Time per target. Input Time per target, and Output Time per target. The results of these analyses 
are summarized in Table 6-1 and are described in detail below. Based on the results for practice 
described in Chapters 4 and 5, and the finding of significant learning effects during the first three 
blocks, additional analyses were performed for just blocks 1-3 and again for blocks 4-10. These 
analyses are summarized in Table 6-2 and Table 6-3. The results for all the dependent variables will 
now be discussed in turn. 

Percent Correct Four significant effects were found m the analysis for the percent correct data over 
all blocks. There was a significant main effect for the target-task comparison where the separate 
targets were identified more accurately than the compound targets (96.1% versus 82.1% for the 
separate and compound target-task conditions respectively, (F=493, (1,26), p < .01). There was 
also a significant target density main effect where accurate of target identification decreased as the 
density increased (97.0%, 91.4% and 78.8% for the 2, 3 and 4 target conditions, F=71.9, (2^2), 

^^t should be noted that there were a significant number of missing cells in the analyses 
involving the compound target-task condition due to sul^ects failing to accurately identify any targets 
in one of the within-cells conditions. This missing data required procedures to be used in the 
analyses that adjust for an unbalanced design. As part of its procedure, CSS:Statistica drops subjects 
with an excesave amount of missing data so that tte resulting matrices are not singular. The means 
reported in this Chapter will reflect the means used bv CSSiStatistica after adjusting for unbalanced 
design. 
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TABLE 6-1. Summary of MANOVA results for Separate, Compound.^ ^ 


EFFECT: 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIME: 

Condition 

(C) 

F=493,(l,26) 

p < .01 

£=152,(1,26) 
p < Dl 

£=111,(1,26) 
p < .01 

£=2.79,(1,26) 
p = .107 

Response 

(R) 

£=0.73,(1,26) 
p = .400 

£=339,(1,26) 
p = .077 

£=7.77,(1,26) 

p < .01 

£=0.15,(1,26) 
p = .706 

C_R 

£=0.27,(1,26) 

p = .611 

£=439,(1,26) 
p < .05 

£=5.75,(1,26) 
p < .05 

£=134,(1,26) 
p = .276 

Targets 

(T) 

£=71.9,(2,52) 

p < .01 

£=451.(242) 

p < .01 

£=330,(242) 

p < .01 

£=14.0,(242) 

p < .01 

C_T 

£=54.2,(2,52) 

p < .01 

£=88.1,(242) 

p < .01 

£=90.9,(242) 

p < .01 

£=0.92,(242) 
p = .406 

R_T 

£*0.73,(2,52) 
p = .487 

£=0.70,(242) 
p = 400 

£=3.27,(242) 
p < .05 

£=4.72,(242) 
p < .05 

CRT 

£=0.08,(242) 
p = .920 

£=3.18,(242) 
p < .05 

£=249,(642) 
p = .085 

£=3.17,(242) 
p = .050 

Block 

(B) 

£=0.41,(9,234) 
p = .927 

£=9.82,(9,234) 

p < .01 

£=2.15,(9,234) 
p < .05 

£=1236,(9,234) 

p < .01 

C^B 

£=0.29,(9,234) 
p = .978 

£=1.49,(9,234) 
p = .151 

£=5.75,(9,234) 
p < .05 

£=1.09,(9334) 
p = 373 


48 • • 

Condition (C) refers to the target-task conditions used in this analysis. Response (R) refers to 
the response panel mapping effect. Targets (T) refers to the number of targets being identified. 
Block (B) refers to the number of blocks of practice. Interaction effects arc denoted by the 
abbreviation for the effects separated by an underscore, c.g. C_R indicates the Contrast by Response 
mapping interaction. 

Analysis uses {Separate-Both-Separate, Separate-Both-Compound, Compound-Both-Sq»rate, 
Compound-Both-Compound} as groups. 

^ablc based on analyses of- March 31,1992 
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R_B 

F=0.68,(9,234) 
p = .731 

F= 1.24,(9,234) 
p = 271 

£=0B9,(9,234) 
p = 333 

£=0.72,(9,234) 

p = .688 

C_R_B 

£=1.27,(9,234) 
p = ^56 

£=0.78,(9,234) 

p = .6^ 

£=2.14,(9,234) 
p < .05 

£=029,(9234) 
p = .977 

T_B 

£=0.74,(18,468) 
p = .770 

£=1.93,(18,468) 
p < .05 

£=0.75,(18,468) 
p = .756 

£=0.99,(18,468) 
p = .471 

C_T_B 

£=1.44,(18,468) 

p = .108 

F= 1.62,(18,468) 
p = .052 

£=1.08,(18,468) 
p = 372 

£=1.23,(18,468) 
p = .229 

R_T_B 

£=2.06,(18,468) 

p < .01 

£=1.94,(18,468) 
p < .05 

£=1.07,(18,468) 
p = 384 

£=0.92,(18,468) 
p = 349 

C_R_T_B 

£=1.47,(18,468) 
p = .094 

£=1.68,(18,468) 
p < .05 

£=1.60,(18,468) 
p = .056 

£=030,(18,468) 
p = .959 
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TABLE 6*2. Summary of MANOVA results for Separate,Compound: Blocks 1*3 ct practkc.^^ 


EFFECT: 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIME: 

Condition 

(C) 

£=38.4,(1,28) 

p < .01 

£=208,(1,28) 
p < ill 

£=123,(138) 
p < t)l 

£=6.70,(138) 

p < .^ 

Response 

(R) 

£=0.59,(1,28) 
p = .451 

£=0.95,(1,28) 
p = 337 

£=2.63,(138) 

p = .116 

£=0.03,(138) 
p = 353 

C_R 

£=331,(1,28) 

p = .080 

£=030,(138) 
p = .485 

£=0.01,(138) 
p = .980 

£=1.18,(138) 
p = 388 

Targets 

(T) 

£=42.2,(236) 

p < .01 

£=354,(236) 

p < .01 

£=224,(236) 

p < .01 

£=19.1,(236) 

p < .01 

C_T 

£=383,(236) 

p < .01 

£=74.4,(236) 

p < .01 

£=763,(236) 

p < .01 

£=3.69,(236) 
p < .05 

R_T 

£=2.40,(2,56) 

p = .100 

£=0.23,(236) 
p = .794 

£*0.04,(236) 
p = .957 

£=3.01,(236) 
p = .057 

C_R_T 

£=0.35,(236) 
p = .706 

£=0.90,(236) 
p = .410 

£=036,(236) 
p = .702 

£=3.29,(236) 
p < .05 

Block 

(B) 

£=035,(2,56) 
p = .708 

£=8.18,(236) 
p < .01 

£=031,(2,56) 
p = .604 

£=293,(236) 

p < .01 

C_B 

£=1.26,(236) 
p = .292 

£=1.73,(236) 

p = .186 

£=4.06,(236) 
p < .05 

£=236,(236) 
p = .087 


^’condition (C) refers to the target-task conditions used m this analy^. Response (R) refers to 
the response panel mapping effect. Targets (T) refers to the number of targets being identified. 
Block (B) refers to the number of blocks of practice. Interaction effects are denoted by the 
abbreviation for the effects separated by an underscore, e.g. C_R indicates the Contrast by Re^xmse 
mapping interaction. 

Analysis uses {Separate-Both-Separate, Separate-Both-Compound, Compound-Both-Separate, 
Compound-Both-Compound} as groups. 

*^able based on analyses of- March 31,1992 
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R_B 

F=0.18,(2^) 
p = B36 

£=4.59,(246) 
p < .05 

£=3.92,(246) 
p < .05 

£=132,(246) 
p = .172 

C_R_B 

F=131,(2^) 

p = ^ 

£=130,(246) 
p = .231 

£=132,(246) 
p = 307 

£=0.40,(246) 
p » .674 

T_B 

£=0.78,(4,112) 
p = .543 

£=0.99,(4,112) 
p = .419 

£=1.01,(4,112) 
p = .4^ 

£=031,(4,112) 
p = 320 

C_T_B 

£=1.85,(4,112) 
p = .125 

F= 1.18,(4,112) 
p = 324 

£=130,(4,112) 
p = 308 

F=0.70,(4,112) 
p = 394 

R_T_B 

F=0.68,(4,112) 
p = .609 

£=235,(4,112) 
p = .058 

£=2.84,(4,112) 
p < .05 

F=034,(4,112) 
p = .703 

C_R_T_B 

F=0.20,(4,112) 
p = .938 

F= 1.64,(4,112) 

p = .168 

£=336,(4,112) 
p < .05 

£=0.12,(4,112) 
p = .974 
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TABLE 6-3. Summaiy of MANOVA results for Separate, Compouad: Blocks 4-10 of practice.^ 


EFFECT: 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIME: 

Condition 

s 

(C) 

1=42.6,(132) 

p < .01 

£=190,(132) 

p < .01 

£=184,(U2) 

p < .01 

£=5.74,(132) 
p < .05 

Response 

(R) 

£=038,(132) 
p = 368 

£=038,(132) 
p = .451 

£=1.93,(132) 
p = .175 

£=0.01,(132) 
p - .935 

C_R 

£=0.01,(132) 
p = .998 

£=135,(132) 

p = .222 

£=232,(132) 

p = .122 

F=0.46,(132) 
p = .502 

Targets 

(T) 

£=56.0,(2,64) 

p < .01 

£=454,(2,64) 

p < .01 

£=399,(2,64) 

p < .01 

£=11.1,(2,64) 

p < .01 

C_T 

£=38.5,(2,64) 

p < .01 

£=108,(2,64) 

p < .01 

£=124,(2,64) 

p < .01 

F=0.10,(2,64) 
p = .908 

R_T 

£=0.46,(2,64) 
p= .635 

£=0.71,(2,64) 
p = .932 

£=037,(2,64) 
p = 368 

£=5.61,(2,64) 

p < .01 

C_R_T 

F=0.18,(2,64) 
p = .838 

F=031,(2,64) 
p = .603 

£=030,(6,64) 
p = .743 

£=0.67,(2,64) 
p = .673 

Block 

(B) 

£=0.61,(6,192) 
p = .720 

£=0.70,(6,192) 
p = .648 

£=0.46,(6,192) 
p = .840 

£=0.67,(6,192) 
p = .673 


^Condition (C) refers to the target-task conditions used in this analysis. Response (R) refers to 
the response panel mapping effect. Targets (T) refers to the number of targets being identified. 
Block (B) refers to the number of blocks of practice. Interaction effects are denoted by the 
abbreviation for the effects separated by an underscore, e.g. C_R indicates the Condition by 
Response mapping interaction. 

Analysis uses {Separate-Both-Separate, Separate-Both-Compound, Compound-Both-Separate, 
Compound-Both-Compound} as groups. 

^able based on analyses of- March 31,1992 
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C_B 

F=0.44,(6,192) 
p = ^3 

F= 135,(6,192) 
p - 322 

£=038,(6,192) 
p * .894 

£=1.67,(6,192) 
p = .131 

R_B 

£*1.07,(6,192) 
p = 383 

£=136,(6,192) 
p = 376 

£=0.72,(6,192) 
p = 335 

£=0.95,(6,192) 
p = .463 

C_^R_B 

F= 132,(6,192) 
p = 351 

F=0.65,(6,192) 
p = .693 

£=030,(6,192) 
p = 306 

£=1.10,(6,192) 
p = 3M 

T_B 

F* 0.80,(12384) 
p = .652 

F=0.76,(12384) 
p = .693 

£=038,(12384) 
p = .969 

F=031,(12384) 
p = 337 

C_T_B 

F=0.99,(12384) 
p = .457 

F=032,(12384) 
p = .632 

£=0.48,(12384) 
p = .933 

£=1.06,(12384) 
p = 391 

R_T_B 

F= 133,(12384) 
p = .199 

F= 133,(12384) 

p = .200 

£=0.70,(12384) 
p = .749 

£=1.03,(12384) 
p = .424 

C_R^T_B 

£=132,(12384) 
p = .204 

£=1.03,(12384) 
p = .416 

£=1.23,(12384) 
p = 357 

£=0.79,(12384) 
p = .656 



Figure 6-2. Separate, Compound: 
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Figure 6-3. Separate, Compound: 

Percent Correct - Target-Task by Number of Targets Interaction. 
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p < .01). These effects may be seen in Rgure 6*2. The remaining effects for the analysis of percent 
correct data over all blocks involved interaction effects between the target-task conditions and target 
density (F=S4.2, (2^2), p < .01), and a three-way interaction for response mapping by target density 
by blocks (F=2.06, (18,648), p < .01). The target-task by number of targets interaction, shown in 
Figure 6-3, was due to significant differences between the compound and separate target-task 
conditions when either three or four targets were to be identified. In effect, the accuracy for 
identifying the codes in the compound targets dropped at a rate oS 115% for every additional target 
that was identified. The regressions for the functions shown in figure 6-3 are: 

Percent Correctsgp,^,^ = 1.0 (Number of Targets) + 91.0%; 

Percent Correctf ^^p^ ',^ = -17.5 (Number of Targets) + 131.0%. 

The three-way interaction between response mapping by target density by blocks for the 
accuracy data was something of a surprise given the results found in Chapter 4 and 5. As may be 
seen from Figure 6-4, the effect was due to two significant factors which occurred early and late in 
practice. Overall, there was no significant difference between the separate and compound response 
mapping when two or three targets being identified. Early in practice, there were significant 
differences between the separate and compound response mappings in the first, third and fourth 
blocks. In these blocks, identification of four targets with the compound response mapping was 
significantly less accurate than with the separate response mapping. The significant effects late in 
practice occurred in both blocks 6 and 8, where the separate condition had significantly worse 
performance than the compound response mapping when four targets were being identified. Thus, 
when four targets were identified, the separate condition went from being significantly better in 
performance early in practice, to becoming (mtermittently at least) significantly worse than the 
compound condition late in practice. There were no distinct performance differences as a function 
of practice when three targets were being identified. 






Figure 6-4. Separate, Compound: 

Percent Correct - Blocks 1-10 Interaction for 
Response Mapping by Number of Targets by Blocks 



8 April 1992 
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The percent correct data from blocks 1*3 was consistent with that seen over all blocks. 

There were significant main effects for the separate-compound target-task comparison (F=38.4, 
(1^), p < .01; 9S.8% and 78.1% correct for the separate and compound target-task conditions) and 
the target density (£=42.2, (2^6) p < .01; 96.1%, 88.9%, and 75.9% for the 2, 3 and 4 target 
conditions). There was also a significant target-task by target density interaction (F=38J, (2,56), 
p < .01). Again, this interaction was .significant because the compound target-task condition was 
identified significantly less accurately when four targets were being identified, vdiile the conditions 
where two and three targets were being identified were not significantly different from each other. 

The pattern of significant results for the percent correct data from blocks 4-10 was identical 
to that seen for blocks 1-4. There were two significant main effects; the separate versus compound 
target-task comparison was significant (F=42.6, (132), p < .01), (96.0% for separate versus 82.1% 
for the compound targets). The target density effect was significant as well fF=56.0. (2,64), 

P < >01), (97.0%, 91.4% and 78.8% for the 2, 3 and 4 target conditions). All levels of both factors 
were significantly different from each other. There was one significant interaction for the target-task 
comparison by target density, (£=38.5, (2,64), p < .01). As with the overall analysis, this interactimi 
was due to performance with the separate target-task condition being significantly less accurate when 
there were four targets to be identified, in both blocks 6 and 8 of practice relative to all other target- 
task and density conditions. Overall, there was no difference in performance when two or three 
targets were identified. 

Total Time. Figure 6-5 illustrates the significant main effects for the total time per target data over 
blocks 1-10. There was a significant main effect for the target-task comparison, (£=152, (1,26), p < 
.01), with the separate targets being identified faster than the compound targets, (3645 msec, per 
target versus 7479 msec, per target). There was also a main effect for the target density, (£=451, 
(232), p < .01), where the 2, 3 and 4 targets conditions were all significantly different from each 





Figure 6-5. Separate, Compound; 
Total Time 
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other (3387, 5468 and 7831 msec, per target respectively). Finally, there was a significant main effect 
for blocks, (F=9.82, (9,234), p < .01), where performance improved agnificantly over each of the 
first three blocks, (6350, 6095 and 5921 msec, per target for blocks 1, 2 and 3 versus and average of 
5972 msec, per target over blocks 4-10). 

In addition to the significant main effects for the total time per target measure over all 
blocks, there were a number of significant interaction effects. Two interactions involving the 
response mapping and total time are illustrated in figure 6-6. The first significant interaction to be 
discussed is the three-way interaction between the separate-compound target-task comparison, 
response mapping and number of targets to be identified, (F=3.18, (2,52), p < .01). The interaction 
is a product of significant differences between the compound target-task condition for the two 
response mappings when 4 targets were being identified. The separate response mapping was 
significantly slower overall than the compound response mapping when 3 or 4 targets were being 
identified. The separate target-task conditions were not significantly different from each other as a 
function of response mapping. As the target density mcreased, the total time per target for the 
compound target-task condition increased an average of 3204.5 msec, per target^, which was a 
significantly faster increase than the 1239.5 msec, per target^ for the separate target-task 
conditions'^. The regressions for each of the target-task by response mappings as a function of the 
target density are^^: 

Total Timesepanite-Sepawe = O (Targets) + 201 
Total Timesep,„,e^po„^ = *338.0 (Targets) - 299 
Total Timeco„po„^^p,„,^ = 34783 (Targets) - 2267 


*^These rate of change measures were calculated based on averaging the slopes shown in 
Figure 6-6 for the two separate target-task conditions (1441,1338 msec/target^), and the two 
compound target-task conditions (3478.5 and 29303 msec/target^). 

*^The subscripts in these equations dencMe the target-task and then the response panel mapping 
condition. 






Figure 6-6. Separate, Compound: Total Time 
Condition by Response Mapping by Number of Targets Interaction 
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Total Timecompound^pouBd = 29303 (Targets) -1863 

There were three interactions involving the number of blocks being identified. First, there 
was a two-way response mapping by blocks interaction (F>439, (236), p < .05) tf^re the rate of 
identification with the separate response mapping was significantly slower than the compound 
response mapping in the first block of practice. The difference between the performance with the 
separate and compound response mappings was not ugnificantly different fi-om each of any of blocks 
2-10 of practice. The net result of this effect is that there was less improvement in performance as 
measured by total time per target when the compound response mapping was used than wiien the 
separate response mapping was used for all but the first block of practice. There was a significant 
three-way response mapping by target density by blocks interaction effect for blocks 1-10 as well, 
(F=1.94, (18,468), p < .05). This interaction, also illustrated by Hgure 6-7, reflects the performance 
in blocks 1 and 10 of practice being significantly faster for the identification of four targets when the 
compound response panel was used, while there were no significant differences between the 
response mappings in any blocks when two or three targets were being identified. Thus, the bulk of 
the difference in performance with practice for the separate and compound response mappings is 
due to the lack of improvement when four targets were being identified. This effect is further 
moderated by the presence of a significant four-way interaction for the separate-compound target- 
task conditions, response mapping, by number of targets, by blocks manipulations. From Figure 6-8 
it may be seen that in block 1 of practice, identification of targets using the separate response 
mapping is significantly slower with the identification of compound targets, than it is with any the 
other targets. In summary, it appears that the rate of target identification with the four compound 
target-task target when using the compound response mapping was significantly less stable than it 
was for any other target-task by number of taigets by response mapping condition. The significant 
four-way interaction came about because this condition started by being significantly better than its 
comparable sepa''ate target-task condition with no experience on the task, and then worsened from 
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the first to second block of practice, before perfimnance improved to its previous level of 
performance in block three. This was the primary factor in generatiqg the significant two-, three- 
and four-way significant blocks effects which also involved the respcmse mapping manipulation. 

The uneiqiected blocks by response mapi^ effects were largely eliminated by partitioning 
the blocks manipulation into early and late practice. Tlie only significant blocks interacticHi found in 
the analysis of total time per target for blocks 1-3 was for the two-way interaction of response 
mapping and blocks (F=439, (2,56), p < .05). Again, this interaction arose due to a significant 
difference in just the first block of practice between the separate and compound response mappings. 
In block 1, the separate response mapping (6668 msec, per target) was conaderably slower than the 
compound response mapping (5725 msec, per target). There were no significant differences between 
the separate and compound response mappings for total time per target performance in blocks 2 or 
3 of practice. There was also a significant main effect for the blocks of practice in the analysis of 
blocks 1-3 where total response time per target was significantly longer in block 1 as compared to 
blocks 2 and 3, (F=8.18, (2,56), p < .01). The analysis of total time per target for blocks 1-3 also 
generated a significant interaction effect for the separate-compound target-task manipulation and 
target density, (F-74.4, (2,56), p < .01). The effect was due to all levels of the separate target-task 
being different from each other at all levels of target density while the compound target-task 
conations were not (fifferent from each other. This interaction is consistent with the fin(fings of the 
analysis of total time per target and the relationship shown in Rgure 6^. Further, there were 
agnificant main effects for the target-task contrast itself, (F=208, (1,28), p < .01), where the 
compound targets, (8190 msec, per target), were identified slower than were the separate targets, 
(3857 msec, per target); and the target density, (F-354, (2,56), p < .01), where the rate of target 
identification decreased as the number of targets increased. 
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The analysis for total time per target for blocks 4-10 eliminated all {vactice effects. There 
were significant main effects for the separate-compound target-task conditions, (£=42.6, (132), 
p < .01), and target density, ^=56.0, (2,64), p < .01). On average, the compound targets, (7757 
msec, per target), were identified more than twice as slowly as the separate targets, (3554 msec, per 
target), and the more targets there were to be identified, the slower they were identified, (3388, 5561 
and 8018 msec, per target for the 2, 3 and 4 ta^ets omditions). Finally, there was a significant 
target-task by number of targets interaction where the rate of increase for the compound tar^-task 
condition was significantly greater as the target denaty increased than was the separate target-task 
condition, (F=108, (2,64), p < .01). 

Input Time, figure 6-9 shows the general results for the analysis of the input time per target data 
for blocks 1-10. All four main effects were significant. The separate target-task condition was 
significantly different from the compound target-task condition, (1940 versus 3650 msec, per target, 
F=lll, (1,26), p < .01), and the separate response mapping was significantly slower than the 
compound response mapping, (3021 versus 2569 msec, per target, F=7.77, (1,26), p < .01). Further, 
all three levels of the target density were agnificantly different fi'om each other, (1660, 2691 and 
4034 for the 2, 3 and 4 targets conditions; F=330, (232), p < .01), and blocks 1 and 2 of practice 
were significantly slower than blocks 3-10 (2785, 2699 msec, per target for blocks 1 and 2 versus 2609 
msec, per target over blocks 3-10, F=2.15, (9334), p < .05). 

There were also five significant interaction effects in the input time per target data over all 
10 blocks. The highest order sigmficant interaction was a three-way interaction between the 
separate-compound target-task conditions, response mapping and blocks (£=2.14, (9,234), p < .05). 
This interaction, as may be seen in Figure 6-10, was significant because: 1) there were significant 
differences between the separate and compound response mappings in both blocks 1 and 2 of 
practice for the separate target-task conditions; and 2) there were significant differences between the 



Figure 6-9. Separate, Compound: 
Input Time 
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Figure 6-11. Separate, Compound: Input Time 
Tarqet-Task by Response Mapping Interaction 
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Figure 6-12. Separate, Compound: 

Input Time Target-Task by Number of Targets Interaction. 
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separate and compound respcmse mappings in blocks 1, and 3*10 for the compound target-task 
conditions. As for the significant two-way interactions, the separate-ccnnpound target-task by 
resptmse mapfung interaction was significant, £=5.75, (1,26), p < .01). This interaction is shown in 
Figure 6-11. The interaction resulted because, while the response mapping had no significant effect 
on the rate of input for the separate targets, the separate response mapping caused the input the 
compound targets to be significantly slower than it was for the compound response mapping, (1971 
msec, per target versus 1908 msec, per target for the separate and compound response mappings for 
the separate target-task conditions, and 4070 msec, per target versus 3230 msec, per target for the 
compound target-task conditions with the separate and compound response mappings, respectively). 
The target-task by target density interaction (Figure 6-12) was significant, ^=90.1, (2^2), p < .01), 
because the rate of increase in input time per target as the target density increased was 3.7 times 
greater with the compound target-task conditions than it was \nth the separate target-task 
conditions. The relationship of the target-task conditions as a fimction of the target density is 
described by the regressions: 

Input Timcsep,nte Taiset-Task “ (Nunibcr of Targets) + 269.0, and 
Input Target-T.sk = 2099.0 (Number of Targets) - 2195.0. 

The response mapping by target density interaction (Figure 6-13) was significant for the 
input time per target data over all blocks as well, (F=3.27, (2,52), p < .05). As with the target-task 
by target density, the interaction is a product of the rate of reading targets from the display and 
encoding them into memory decreasing 12 times more rapidly with the separate response mapping 
as the number of targets increased, than it did with the compound response mapping, i.e.: 

Input Timesep,„,e Re^^inse Mapping * ^^.0 (Number of Targets) - 846.0, and 
Input Timecompound Response Mapping = 'OS^.O (Number of Targets) - 581.0. 





Figure 6-13. Separate, Compound: 

Input Time - Response Mapping by Number of Targets Interaction. 
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Rnally, there was a significant target-task by blocks interaction, QP=5.7S, (9,234), p < .05). 
Reexamining Rgure 6-10 shows that this interaction is a result of a ugnificant reduction in the input 
time per target over the first three blocks for the separate target task condition, while the compound 
target task condition did not improve significantly. 

The results for the analysis of input time per target over blocks 1-3 eliminated two of the 
significant mam effects. The separate-compound target-task manipulation remained significant, 
(F=123, (1,28), p < .01), as did the target density, (F=3S4, (2,56), p < .01). As with the analysis 
over all blocks, the separate target-task condition was faster than the compound target-task 
condition, (2009 versus 3938 msec, per target), and all three levels of number of targets were 
significantly different from each other, (1699, 2842 and 4380 msec, per target for the 2, 3 and 4 
targets conditions). 

The analysis for input time data from blocks 1-3 generated a number of significant 
interaction effects, many of which were different from those seen for the analysis over blocks 1-10. 
There were two-way interactions for the target-task comparison and target density effect, (F=763, 
(2,56), p < .01), the target-task comparison and blocks effect, (F=4.06, (2,56), p < .05), and finally 
the response mapping and blocks effect, (F=3.92, (2,56), p < .05). As with the analysis for input 
time per target for blocks 1-10, the target-task by tai^et density effect reflects the compound target- 
task condition becoming much slower relative to the separate target-task condition as the target 
density increased. The target-task by blocks interaction for blocks 1-3 confirmed that the separate 
target-task condition improved «gnificantly through the first three blocks while the compound target- 
task condition did not appreciably change. The response mapping by blocks interaction reflected an 
improvement in the rate of reading-in of information from the display and encoding it into memory 
with the separate response mapping, while there was no significant change in the compound 
response mapping. The data from input time per target over blocks 1-3 also revealed a significant 






Figure 6-14. Separate, Compound; 

Input Time - Blocks 1-3 Interaction for 
Contrast by Response Mapping by Number of Targets 
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three-way interaction between response mapping, number of targets identified and blocks, (F=2^, 
(4,112), p < .05). This interaction was due to there being a significant difference in the input time 
per target for identifying 4 targets in block 1 for the separate and compound target-task conditions, 
while there were no signiHcant differences between the separate and compound target-task 
conditions in blocks 2 and 3 of practice. Examination of Rgure 6-9 shows that while the mean 
difference between the two target-task groups actually increased m block 2 relative to block 1, the 
variability of performance was actually much higher in the second and third blocks than it was in 
block 1. Finally, there was a four-way interaction between the target-task comparison, response 
mapping, target density and blocks in the input time per target data from blocks 1-3, (F=3.36, 
(4,112), p < .05). This interaction (Figure 6-14) was complex and involved two factors. I^st, the 
identification of four compound target-task targets with the compound response mapping slowed 
significantly from block 1 to block 2 and increased significantly from block 2 to block 3. Overall, 
however, the mput time per target performance slowed slightly from block 1 to 3. Most of the 
target-task by response mappmg by number of targets conditions slowed slightly, or stayed the same, 
as measured by input time per target from block 1 to block 3 of practice. A second contributmg 
factor to this interaction was the significant improvement in performance for the identification of 
three compound target-task targets when using the separate response mapping from blocks to 3, 
particularly when compared to the other target-task by response mapping by target density 
conditions. In summary, the four-way interaction between target-task condition, response mapping, 
target density and blocks over blocks 1-3 resulted because the performance early in practice was 
unstable, and no consistent pattern of change appeared over these first three blocks. 

The results of the input time per target analysis for o ta from blocks 4-10 are much less 
complex than those from the overall analysis or the analysis for blocks 1-3. There were two 
significant main effects for the analysis of input time data from blocks 4-10. The separate versus 
compound target-task conditions was significant, (F=184, ( 132), p < .01; with the separate target 
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task having an average input time per target of 1910 msec per target and compound having an 
average of 3884 msec, per target over blocks 4-10). The target density was significant at all three 
levels, (F=399, (2,64), p < .01; 1663, 2802 and 4226 msec, per target for the 23 and 4 target 
conditions). There was one significant interacOon for the input time per target data over blocks 4- 
10, (F= 124, (2,64), p < .01). As with the analysis for input time per target over all blocks 
(Figure 6-12), this effect was due to the rate of input slowing for the compound target-task conditicm 
with increases in the target density much more raindly than it did for the separate tar^t-task 
condition. There were no other significant effects for the input time per target data over blocks 4- 
10 . 


Output Time. The analysis of output time per target data for blocks 1-10 (Rgure 6-15) resulted in 
three significant effects. The target density effect was significant due to the 2 targets condition (560 
msec, per target) being significantly faster than the three or four targets conditions (604 and 623 
msec, per target; F=14.0, (2^2), p < .01). The blocks main effect was also significant, (F=1236, 
(9334), p < .01), with both blocks 1 and 2 being significantly different from each other and the 
other blocks, (718, 625 msec, per target for blocks 1 and 2 versus an average of 577 msec, per target 
for blocks 3-10). Finally, as shown in Figure 6-16, there was one significant interaction involving the 
response mapping and target density, (F=4.72, (2^2), p < .05). This effect was due to the 
compound response mapping being significantly faster than the separate response mapping \^en 2 
targets were being identified, and significantly slower when four targets were identified. The 
interaction is described by the regressions: 

Output Timej^^ij = 18.0 (Number of Targets) + 560.0, 

Output TimeQ^p^^j,^ « 583 (Number of Targets) + 424.0. 

The analysis for the output time per target data in blocks 1-3 resulted in three significant 
main effects. First, the separate-compound target-task comparison effect was significant (F=6.70, 




Figure 6-15. Separate, Compound: 
Output Time 
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Figure 6-16. Separate, Compound: Output Time 
Response Mapping by Number of Targets Interaction 
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Figure 6-17. Separate, Compound: Output Time 
Condition by Response Mapping by Number of Targets Interaction, 

Blocks 1-3. 
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(1,28), p < .05; 600 msec, per target for the separate target-task, and 703 msec per target for the 
compound target-task). Target density was ugoificant, (F=19.1, (2,56), p < .01), with all three levels 
being significantly different from each other (599,662 and 694 msec, per target for the 2, 3 and 4 
targets conditions). There was a significant improvement over all three blocks, (719,635 and 600 
msec per target for blocks 1, 2 and 3; F=293, (2,56), p < .01). In addition, there were two 
significant interaction effects which are illustrated in figure 6-17. The first was a three-way 
interaction between the target-task conditions, response mapping and the target density, (F=3.29, 

(2,56), p < .05). The effect is due to no significant difference between the separate and compound 
response mappings at each level of target density for the compound target-task ccmditions, while 
there was a significant difference between the separate and compound response mappings v^en 3 or 
4 separate target-task targets were identified. This effect was sufficiently strong that when the 
response mapping manipulation was ignored, there was still a significant two-way interaction effect 
for the target-task conditions and target density, (F=3.69, (2,56), p < .05). The regressions for the 
three-way interaction are^^: 

Output Time sepante-Sepiimte ~ ^^.0 (Number of Targets) + 484, 

Output Timesepani,e<i,mpouiui = '02.5 (Number of Targets) + 311, 

Output Timecompo„„d^p,rt,e = 32.0 (Number of Targets) + 622, 

Output Tirnecompound-Compound = 23.0 (Number of Targets) + 599. 

The analysis for output time per target over blocks 4-10 generated two significant main 
effects. The first was for the separate versus compound target-task conditions, ^=5.74, (132), 
p < .05; 541 versus 639 msec, per target). The second was for the target density with the 2 targets 
condition being significantly faster than the 3 and 4 targets conditions, (558, 597 and 616 msec per 
target for the 23 and 4 target conditions, F=11.1, (2,64), p < .01). Finally, there was one significant 

^^The subscripts in these equations denote the target-task condition, and then the response panel 
mapping condition. 
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interaction, between the response mapping and target denuty effects, QP=S.61, (2,64), p < .01). As 
with the analysis for all blocks, the effect was due to the compound mapping being si gnifica ntly 
faster than the separate response mapping when two targets were being identified, and si gnificantl y 
faster when four targets were being identified (see Figure 6>16). 






NAWCADWAR-92088-60 


211 


DISCUSSION 


The results oS this study demcMistrate that there are differences in perfmmance in an 
identification task depending on the use of targets c(»sistiag of one versus two codes, when all the 
codes in the targets are relevant to the identificatkm task. The effects which give rise to this 
conclusion are subtle and complex, and will be sorted out in detail below in terms of the implications 
for performance with these particular conditions, the experimental predictions and the ramifications 
of these findings on application, methodology and theory. The results will not be mterpreted in 
terms of the particular codes used, or the code categories used, because Chapters 4 and S deal 
extensively with those issues. Rather, this research focuses on the impact of code com[dexity on 
performance in an identification task and the main manipulation concerning the number of codes to 
be identified within each target. For this reason the two target-task conditions employed m this 
study use exactly the same subsets of alphanumeric codes to create the different target code 
combinations. The separate target-task condition had a single alphanumeric code per target 
presented on the display. The compound target-task condition had two alphanumeric codes per 
target, (a digit and a letter). In addition, as mth the studies described in Chapters 4 and S, the 
response mapping was manipulated, as was the number of targets being presented on the display, 
and the dependent measures were calculated fm- each the 10 blocks. The results as measured by 
each of the four dependent measures will now be discussed in turn. 


Dependent Measures 

Percent Correct The accuracy data for this study was much less stable than that seen m the studies 
described in Chapters 4 and 5, with an overall average of 893% of the trials being performed 




Table 6-4. Separate, Compound: 
Differences for Significant Main Effects for Blocks 1-10. 
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correctly. Therefore, there is no basis to assume the presence of ni gnificant floor or ceiling effects in 
the accuracy data. Further, there were a variety of dgnificant effects for the accuracy dependent 
measure, i.e. percent of correct responses within a ten-trial blodi of practice. Accuracy of target 
identification was affected by the target-task manipulation, with worse performance for the 
compound target-task than for the separate target task. This was expected given the greater number 
codes to be identified when compound targets were present to be identified. In fact, TaUe 6-4 
shows that there was a net decrease in accuracy for the separate versus compound target task 
condition of 16.2%. Further, identification accuracy decreased as the number of targets increased, 

(a drop of 23.6% overall), and the significant target-task conditions by number of targets to be 
identified interaction showed that the rate of decrease in accuracy was significantly greater for the 
compound target-task condition than it was for the separate target-task condition. On the basis of 
these findings, it may be concluded that the identification of the additional codes inherent in the use 
of the compound target-task generates a sipiificant and persistent cost in identification performance 
as measured by accuracy, and the greater the number of targets the greater the cost. Finally, there 
was an effect on identification accuracy due to the response mapfnng. This appeared in the form of 
a significant three-way interaction between the response mapping, number of targets identified and 
blocks of practice. This effect shows that there was a cost associated with using the compound 
response mapping, in terms of performance accuracy, v^en the task was relatively novel. The cost 
apparently disappeared with sufficient practice. The effects seen in the accuracy data were 
essentially consistent in the analysis of performance early in practice (blocks 1-3) and late in practice 
(blocks 4-10). 

Total Time per Target The latency data produced very comidicated results both in terms of the 
three latency dependent measures, and the effects for over all Mocks, early and late practice. 

Overall, the compound target-task condition was 3834 msec, per target (or 205%), slower than the 
separate target task condition. A similar significant effect was found both early and late in practice. 
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Thus, it can be ctmcluded that the identification of tv^ as many codes per target effectively doubles 
the time required per target in an identification task. There was also a ju gnifirant overall latency 
effect for the number of targets identified, with an increase of 4444 msec per target overall in 
identifying four rather than two targets. This translates to a 2312% decrease in the rate of target 
identification as the number of targets was doubled. Again, the number oi targets effect was 
consistent in the analyses for data from blocks 1*3 and 4-10. This findiqg suggests that there are 
processing costs associated with identifying multi[de targets above and beyond those of identifying 
the codes per se. If the decrease in the rate of target identification total time per target were a 
simple product of the number of codes being identified per target and the target density, then the 
identification of twice as many targets would lead to a change on the order of 200-210% given the 
change seen in the target-task conditions. A change of 231% indicates there is a significant 
additional cost in the processing of additional targets than would be e]q>ected based on the number 
of codes being processed alone^^. The final main effect in total time per target was for blocks. 

Overall, there was a drop in total time per target of 795 msec per target, or a drop of 15.9%. This 
confirms that performance does mdeed improve with practice. Further, comparing the effects due to 
practice for this data with that reported in Table 4-4 in Chapter 4, shows that this change is viituaUy 
identical with that seen for the identification of single di^ts and ungle letters codes (153%). 

Comparing this result to that seen for practice for total time per target over blocks 1-10 in Chapter 
5, Table 5-4 shows a similar result (19.2%). Therefore, the rate of learning appears to be constant 
regardless of what the particular task requirements in an identification task might be. 

There were a variety of significant interaction effects for total time per target. Rrst, the 
target-task manipulation showed a significant interaction with the response mapping manipulation. 

^^Since twice as many codes were present in the compound target-task conditimis as there were 
in the separate target-task conditions, a change in performance of 200% would mdicate that the 
amount of processing was required on a per code basis. A change of 231% indicates that there was 
a 31 % (231-200) increase in processing over what would have been expected on a per code basis. 
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While there was no significant main effect for the response mapping in the total time per target 
data, the interaction showed that the identification of the compound target-task targets was 
significantly slower with the separate response mapping than it was with the compound response 
mapping. Further, the significant three-way interaction for target-task, reqmnse mafqnng and target 
density showed that this effect was due to those conditkms udiere three or four targets were being 
identified. Therefore, it may be concluded that the identification of large numbers of compound 
targets are identified most rapidly with a compound panel mapping. Further, this result makes it 
quite clear that the factors relating to the output »de of the task can, and do, impact the way 
information is read from a display and encoded into memory. The finding that compound targets 
are identified more quickly with the compound response mapping is consistent with the notion of 
Stimulus-Response compatibility (Fitts & Seeger, 1953), as well as demonstrating that the response 
side of a task impacts the input side of the task. 

There were a number of significant practice effects for the total time per target data. First 
there was a targets by blocks effect, (Figure 6-7), n^ere the rate of target identification for 
conditions with more targets were improved significantly more by extended experience with the task. 
Second, there was a response mapping by target density by blocks interaction where the 
identification of four targets, using the separate response mapping, was significantly slower than the 
identification of four targets using the compound mapping in both blocks 1 and 10. This suggests 
that the overall performance using the separate response mapping with a large number of responses 
is more difficult n^en the users have had m inim al experience with the task, and further that users 
are more likely to exhibit deficits in performance due to time on task with the separate response 
mapping, as measured by total response time. Hnally, there was a four-way interaction between 
target-task, response mapping, target density and blocks in the total time per target data from blocks 
1-10. Tins effect, (Figure 6-8), was due to the identification of targets with the separate response 
mapping being significantly slower when compound targets were being identified, than it was with 
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any of the other target-task by number of targets by response mapping conditions m block 1 of 
practice. In practical terms, the identification of the codes in four, compound targets mting the 
compound response mapping is significantly faster than the comparable task with the separate 
response mapping, particularly when the task is novel However, after fairly minim al eiqperience with 
the tasks, performance becomes comparable between the separate and compound target-task 
conditions, and the differences between the response mappings are not gignificant . 

Input Time per Target Partitioning of time on task into blocks 1-3 and 4-10 generated results 
generally consistent with the results described for blocks 1-10. The response mapping by number of 
targets interaction remained significant in blocks 1-3, confirming the interpretation that the cause of 
the mteraction was the separate response mapping being agnificantly slower in block 1 of practice 
when four targets were being identified. The analysis for blocks 4-10 eliminated all practice effects, 
which was the intention in partitioning the data into early and late practice. This confirmed that the 
majority of the time on task effects reflect learning to perform the identification tasks, and these 
effects are largely complete within 30 trials. 

The analyses for input time per target showed that the largest portion of the effects seen in 
total time per target are due to the reading of codes from the display and encoding them into 
memory. All four main effects were significant, and the absolute and relative magnitude of change 
for these effects may be seen in Table 6-4. The input of the compound target-task targets took 
nearly twice as long, (exactly 1.88 times as long), as the input of the separate target-task targets, or 
an actual change of 1710 msec, per target. The direction and size of this effect was predicted due to 
there being twice as many relevant codes in the compound target-task conditions, and there being a 
net savings in input time per target due to these two codes being readable with a single visual 
fixation. In fact, using the regression for input time per target with the separate target-task 
condition, shown in Figure 6-12, it may be seen that the input time per target for eight independent 
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(separate) targets would be 4781 msec, per target. Cotaparing this to the identification of four 
compound targets, (6201 msec per target), we find that there is a net difference in the predictions 
1420 msec, per target. This difference represents a total savings in dwell time for not having to 
locate four additional separate targets. Therefore, dmding this number by 4 will generate an 
estimate of saccadic movement between ea<*h dwell, Le. 355 msec per target. This is very close to 
the 100-300 msec, range described as typical for reading information from simph (non-information) 
targets in a visual display (Young & Sheena, 1975). This finding supports the interpretation that the 
processing of targets from the separate and compound target-task conditions is identical, despite the 
increase in the number of codes and alternative arrangement of codes within targets, and that the 
shorter mean input time per target seen for the compound target task is due to the savings in eye 
movement times between fixations. 

Of particular interest was the unusual significant main effect due to the response mapping 
for the mput time per target data. In the previous studies, (Chapters 4 and S), the impact of the 
response mappings was shown only in the form of agnificant interactions between the response 
mapping manipulations and other factors. However, in the comparison of the separate and 
compound target-task conditions, the compound response mapping proved to be 452 msec, per targirt 
(17.6%) faster than the separate response mapping. While it was not intuitively e}q)ected that the 
compound response mapping would result in faster performance than the separate response 
mapping, the important aspect of this result is that it clearly proves that the output side of the task 
can and does affect the way information is read from the display and encoded into memory. 

Further, it may have implications for stimulus-cognition-response (S-C-R) compatibility, (Wickens, 
1984), which will be discussed in detail below. There was a three-way interaction between the 
separate-compound target-task conditions, response mapping, and blocks. This effect showed that 
major contributions to the response mapping effect were: 1) that there is a distinct disadvantage in 
identifying compound targets with the separate response mapping in blocks 1, and 3-10; and 2) that 
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there was a disadvantage early in practice when identifying the separate targets with the separate 
response mapping relative to the compound response mapping. Thus, the compound response 
mapping resulted in no improvement with practice, while the perfmmance with the separate 
response mapping did improve with practice when the separate targets were being identified. The 
recommendation for the use of separate and compound response mappings suggests that if all the 
codes on the response mapping are relevant to the task being performed, the mapping of multiple 
codes to single response keys holds some advantage (as measured by input time) relative to the 
placement of a single code per response key. 

As might be expected based on the discussion above, there were significant block effects and 
density effects. Table 6-4 shows that there was an overall increase in input time per target of 2374 
msec, per target, or 243% as the target density was doubled. This increase was roughly that which 
was expected based on a doubling of the target density. Considering the very demanding nature of 
identifying four, compound targets, i.e. eight codes, and the demands this places on short-term 
memory (Miller, 19S6), it is not surprising that in fact the increase in time per target was greater 
than double that seen with two targets. This additional time required per target when four targets 
were being identified is best explained in terms of the additional time required to encode and 
maintain the codes in memory. The practice effect showed that there was a decrease of 120 msec, 
per target or 4.5% over blocks 1-10. This was a significant, but very small improvement in input 
time per target. The surprisingly small size of the effect is e}q>lained by the significant interaction 
effects for blocks and the other factors described in detail above. 

The analyses for input time per target in blocks 1-3 and 4-10 served their purpose m terms 
of confirming the nature of the practice effects. The analysis of blocks 1-3 removed the significant 
main effects for the response mapping and blocks, which had been largely attributed to a blocks 
manipulation in the overall analysis, and therefore should have been eliminated. The result of this 
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parUtioning of the time on task, however, was to generate three- and four-way interactions involving 
the practice effect and response mapping. The four-way interaction, vdiich subsumed the three-way 
interaction, involved the target-task conditions, response mapping, target density and blocks effects. 
The interaction shows that the performance of four targets early in practice was unstable, and did 
not generate a steady improvement in performance early in practice (Le. blocks 1-3). Thus, the 
effect occiured because the identification of four compound targets with the compound response 
mapping went from being significantly better in block 1, and then significantly worse m block 2, than 
the identification of the four compound targets with the separate response panel. The si gnificant 
effects found in the analysis for blocks 1-3 was entirely consistent with that described for the analysis 
over all blocks. 

Output Time per TaigeL The output time per target data was remarkable mainly in that it showed 
so few significant effects. The target-task conditions had no significant effect as measured by the 
output time per target data over all blocks. The type of response mapping showed one significant 
effect on output time, and that was as measured through a significant response mapping by number 
of targets mteraction. The interaction showed that the time required to take each target code from 
memory, translate it into and then execute a response was 3.25 times slower for the compound 
response mapping than it was with the separate response mapping for each additional target 
identified. Thus, the rate of target identification decreased much faster with each additional 
response for the compound response mapping than it did with the separate response mapping, as 
shown by the regressions m Figure 6-16. There were also the typical significant main effects for the 
number of targets identified, where the rate of target identification decreased as more targets were 
to be identified, and for the blocks effect where performance improved 28.7% between blocks 1 and 
10. The bottom line in terms of output is that the more targets being identified, the slower the 
output with the compound response mapping as compared to the separate response mapping This 
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is exactly the opposite result seen for type of response mapping as measured by input time per 
target. 


The output time per target for blocks 1-3 generated a significant main effect for the 
separate-compound target-task comparison, in which the separate target-task condition was output 
103 msec per target (17.2%) faster than the compound target-task condition. Again, this result is at 
odds with that seen for input time per target vdiere the compound condition was 17.6% faster rhan 
the separate condition. The blocks and number of taigets effects remain significant in the analysis 
of output time per target for blocks 1-3. Another effect that was different for the outout time per 
target data in the analysis of blocks 1-3 as compared to blocks 1-10 was a significant three-way 
interaction between target-task, response mapping and target density. The effect was largely due to 
a different rate of increase for the identification of separate targets ming the compound response 
mapping, which (as shown in Figure 6-17) increased 102.5 msec per target^ as opposed to an 
increase on the order of 30 msec, per target^ for the other target-task by response mapping 
conditions early in practice. As with the other dependent measures, the analysis for output time per 
target over blocks 4-10 did not generate any surprising effects, and effectively removed all time-on- 
task effects. 


Experiment Manipulations 

Target-Task Manipulation. Summarizing the results in terms of the factors manipulated, it is clear 
that the target-task manipulation had an effect on performance as measured by both speed and 
accuracy of target identification. The performance with the compound target-task conditions were 
both less accurate and slower, than the performance with the separate target-task conditions. The 
difference in time per target appeared for the target-task manipulation consistently appeared only in 
the total time and input time per target measures. Any effect due to the target-task manipulation, as 
measured by output time per target, appeared only very early in practice. 









NAWCADWAR-92088^ 


221 


Target density. The more targets there were to identify, the slower and less accurate the 
performance as measured by both time per target and overall accuracy. This effect was omastent 
across all four dependent measures. Further, there was a significant interaction between the number 
of targets identified and the target-task manipulation as measured by accuracy, total time per target, 
and input time per target. As more targets were to be identified, the less accurate and more slowly 
targets were identified, particularly for the compound target-task condition. Thus, performance 
clearly got worse, faster for the compound target-task amdititm when more targets were to be 
identified than it did for the separate target-task conditions. That this effect should have a locus 
entirely in mput time supports the assumptions of the WiTS processing model; i.e. that the 
information in a display is read in and encoded into memory during input and in the process is 
translated to a form which facilitates processing in memory as required by the task demands. It can 
be concluded that the latency and accuracy performance decrements associated with processing the 
codes in an identification task are chiefly associated wth the reading of information from a display 
and encoding them into memory. Once the information is in memory, the impact of the original 
form of the information source is largely irrelevant, consent with the assumptions of the WiTS 
approach and Teichner’s processing model. These findings do not support the proposition that the 
input and output side of the task are independent. In fact, the results due to the response mapping 
show that quite the opposite is true. 

Response Panel Mapping. The response mapping had m inim al impact on performance accuracy. In 
fact, it only impacted performance accuracy early in practice, and a gain, mtermittently, fairly late in 
practice. The effect arose because the identification of four targets with the compound response 
mapping was much less stable than the identification of four targets with the separate response 
mapping. Performance in identifying four targets with the compound response panel started off 
being significantly worse through the first three blocks than that for the other conditions, and then 
got better so that the performance was no longer significantly different. With practice, perfoniiance 
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accuracy agm deteriorated to become significantly worse with the identification of four targets 
with the separate response mapping in blocks 6 and 8 of {H^actice, indicating sensitivity to fatigue 
effects with extensive blocks of practice. Unlike the accuracy data, v^ch showed that the compound 
response mapping was, at least intermittently, significant^ worse than the separate response 
mapping, the latency data showed that the compound response mappiqg was agnificantly better than 
the separate response mapping, particularly when compound targets were being identified. What is 
even more striking, is that the effects of response mapping, which would intuitively be esqpected to 
affect only the output side of the task, should have such persuasive effects on input processing. The 
significant main effect for response mapping on input time clearly demonstrates that the output side 
of the task affects input processing. 

The response mapping manipulation had more of an effect on input processing than output 
processing as measured by input time per target and output time per target. These effects, while 
intuitively suspected, could not have been predicted on the ba^ of any empirical data prior to this 
research. The results show that, overall, the reading of codes from a display and encoding them into 
memory when identification is to take place using the separate response mapping will be slower than 
the identification of targets involves the use of the compound response mapping. Further, this effect 
disappears when separate targets are being identified, but is persistent across practice when 
compound targets are being identified. Further, the effect is more profound when more targets are 
being identified. Finally, the effects due to the type of response mapping on mput time are less 
stable early in practice (Figure 6-14). It is possible to propose an explanation for why the compound 
response mapping should be faster when codes from compound targets are being identified if the 
task is considered m terms of S-C-R compatibility. 

Wickens (1984) suggested the notion of S-C-R compatibility in order to explain why certain 
types of codes empirically proved to be processed more effidentiy when presented and then 
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responded to in one modality as opposed to another. Specifically, he proposed that verbal 
information was more efficiently processed ndien it was transmitted to the person as an auditory 
message and responded to vocally. Spatial informatioD was described as being more efficiently 
processed when presented visually and responded to manually. The important point from this idea, 
for the purpose of this study, is that there could be certain display and response arrangements that 
are more compatible with the way people think about performing a tadt than others, Le. are 
cognitively compatible. If we extend this idea to the empirical results of this study with regard to the 
better response times in reading in codes from compound targets when the response panel also has 
a compound arrangement, as opposed to a separate arrangement, it can be argued that this is 
another form of cognitive compatibility. Perhaps because the person performing the task knows he 
will be responding using a compound response panel, he is able to process the information more 
efficiently as he reads the display and encode the information into memory. 

Though there were significant effects due to response mapping on output time per target, 
they were less extensive than might be intuitively e:q)ected. The response mapping had an impact on 
performance only in the context of the target density for the output time per target measure. As the 
target density increased, the output time per target for using the compound response mapping 
increased 3.2S times faster than it did when targets were identified using the separate response 
mapping. However, it is worth noting that early in practice this effect was moderated by the type of 
target being identified, suggesting that tasks which are performed intermittently, or which will be 
performed by inexperienced users will have different S-C-R requirements than do tasks which are 
performed frequently, or by users with significant experience with the task. 

Blocks of Practice. Given the discussion of the results thus far, it should be clear that the blocks 
factor essentially had the predicted effect. Overall, the performance seen improved significantly in 
the first three blocks, and became stable thereafter. This was particularly the case with the latency 
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data which showed fairty typical learning curves. The percent correct data, as was the case in the 
studies described in Chapters 4 and S, denuMistrated minimal change with practice. The only effect 
seen was in the form of the three-way response mapping by number of targets effect due to the 
significantly worse accuracy for the compound respcmse mapping when four targets were being 
identified during block 1 of practice. There were exceptions to the general learning trend as 
measured by the latency data, however. The identificatkm of compound targets tended to result in 
less learning through the first three blocks than did the identification of separate targets, particularly 
as more and more targets were presented to be identified. In fact, the identification of four, 
compound targets using the compound response mapping was very atypical, with significant, 
intermittent decreases in performance as measured by total and input time per target as a function 
of blocks. These results are interpreted as showing that the blocks manipulation not only 
successfully allowed the assessment of learning, but also showed the sensitivity of various conditions 
to extended practice, or fatigue effects. Clearly, the identification of compound targets was more 
susceptible to practice effects, as mdicated by the relative instability of performance over blocks, and 
thus leads to the supposition that these conditions are more difficult and demanding in terms of 
processing than the other conditions employed in this study. 
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S1UUM17 of Resalu 

The results for each of the experiment predictions is summarized below. 

1. The latency fmr identifying codes in the compound target-task condition proved to be 2.0S 
times that seen in identifying codes from the separate target-task conditions as measured by 
total time per target. Therefore, on the basis of total target identification time, prediction 1 
is confirmed, and it can be concluded that the processing of compound targets is essentially 
the same as that for separate targets. The results for prediction 1 are not so clear when 
response time is partitioned into mput and output comp<ments. The rate at which targets 
were read from a display and the codes encoded into memory, as measured by input time 
per target for compound targets, was 1.88 times that required for the separate targets. This 
could be interpreted as a significant departure from that stated in prediction 1. However, it 
was argued above that this difference was due to a net savings in visual search of more 
codes within foveal vision, and therefore does not reflect an effect of processing per se, and 
it is concluded that the basic processing of codes in separate and compound targets is the 
same. 


2. The presence of a significant interaction between the response mapping and the target 
density as measured by both input time per target and output time per target supptnts 
prediction 2, and therefore it is omcluded that the reqxmse mapping does affect both the 
way information is processed as it is encoded into memory, and the way information is 
removed from memory and translated into a response. 

3. Stereotypic learning curves were found in much of the latency data. Further, these curves 
were affected by the target density where the learning appeared to extend over more blods 
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when more codes were presented to be identified, and the net gain in performance with 
practice was greater ndien more targets were being identified. This supports the assertion 
that the identification task involves a cranponent of information processing, 

because the conditions with a greater number of targets to be identified effectively were 
more ctunplex, and required more time to learn. Together, these results support prediction 
3. 


Objectives 

This study continues to address and extend the theoretical, methodological and application 
objectives of the overall research described throughout this document. The first objective was to 
demonstrate the utility of the WTTS methodology in terms of a) assessing performance in an 
identification task, and b) demonstrating the theoretical and practical implications of the impact of 
particular information codes and code arrangements have on information. Clearly this objective has 
been met. The partitioning of overall response time into input and output time components 
generated patterns of significant results in input time that were either 1) not detected in the total 
response time measure, and/or 2), that were different from each other and therefore allowed the 
results obtained to be explained in ways that were not possible with the overall latency measure 
alone. Perhaps the best example of this was with the findings with regard to the response mapping 
effects. No main effects were found for the response mapfung manipulation as measured by total 
time per target and output time per target, and yet, there was a significant effect for the response 
mapping effect for the input time dependent measure. Thus, the partitioning of total time per target 
into input and output time components revealed that there were effects that typically are attributed 
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to the output side of the task, (i.e. response mapfMiig), on the input side of the task that were 
masked in the analyses of overall response time. 

Another examine of how the partitioning of total response time makes it possiUe to 
speculate oa the mechanisms contributing to perfonnance is in the analysis of the results from the 
target-task conditums. The separation of output effects from input effects through the partitioning 
of response latency, and the comparison of relative performance changes throu^ rate measures 
allowed the differences in the processing of codes presented in compound targets versus separate 
targets to be attributed to the savings in the phy»olopcal time required to move the eye between 
Hxations. Because codes were co-located within a single fixation in the compound targets, the 
processing of a similar number of codes when presented in separate targets would require twice as 
many fixations. Thus, it was shown that the relative performance differences between the separate 
and compound targets could be attributed to the visual phenomena associated with reading the 
display rather than differences in processing per se. 

The partitioning of total response time mto input and output time components also made 
possible the assessment of the nature of processing in the translation of information frmn memory 
into a response. Both the input time data and output time data revealed significant response 
mapping by number of targets effects. However, the interaction for the input time data was due to 
the separate response mapping always being significantly faster than the compound response 
mapping. Further, the input time per target data increased 12 times faster as a function of the 
target density (Figure 6-13). The interaction for the output time data and the compound response 
mapping, however, was significantly faster when two targets were being identified, and significantly 
slower than the separate condition when four targets were being identified. Thus, input and output 
time were apparently affected by different factors. There were no significant differences between the 
separate and compound response mapping conditions when three targets were being identified. 
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Further, the output time per target rate of increase as a fiuictkm of the target density was 32S times 
that seen for the separate response mapping conditions (Figure 6-16). 

The partitioning of response time into its input and output components revealed M gnifiranf 
effects for response mapping that were not present in the total time analyses. In fact, the changes 
occurring in input processing and output processing effectively canceled each other so that the net 
changes as measured by total time per target were not detected in the total time per target measure. 
Clearly, the partitioning of total response time into its input and output components is appropriate 
for understanding the nature of performance changes and information processing in an identification 
task. 


Objective 2 was to assess the relative changes in performance in terms of overall, input and 
output processing for codes which are integrated into single targets versus wdien the codes are 
presented as independent targets. The results and discussion above showed that while the rate of 
target identification is faster for identifying separate (angle code) targets as opposed to compound 
(multiple code targets) the identification of codes in compound targets, when the data are adjusted 
for the number of codes being identified rather than the number of targets, the compound targets 
are in fact identified faster than the separate targets on a *per code* basis. This was interpreted as 
being due to the time required to locate and read sii^le code (separate) targets when compared to 
multi-code targets. Thus, it is concluded that the procesang associated with single as opposed to 
multiple code targets is essentially the same, and the difference in the rate of code identification is 
due to the savings in physically locating and reading fewer targets to translate the same number of 
codes into memory. 


The relationship of total, input and output time as a fimction of the number of codes in 
each target is illustrated m a different context in F^ure 6-18. This figure shows that there were 






Figure 6-18. Separate, Compound: 

Total, Input & Output Time by Number of Targets. 
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Figure 6-19. Separate, Compound: 

Total, Input & Output Time by Number of Codes. 
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significant intercept differences for the total, and input time per target, regressions as a function of 
target density and the particular target-task condition being used. The output time regressions for 
the separate and compound target-task by target den^ regressions were in fact virtually identical in 
terms of both slope and intercept. It can therefore be concluded that the output processing is 
identical regardless of the type of code being read from the display. The slopes for the total and 
input time per target regressions were different as a function of the target density. The compound 
target-task condition showed a decrease in the rate of target processing that was greater than that 
seen for separate target-task condition. However, when plotted in terms of the number of codes 
processed, (Figure 6-19) the slopes of the total and input time per code regressions are effectively 
identical. This supports the conclusion that the processing of codes is identical in both single and 
multiple code targets, and any differences between the conditions is due to the physiological 
movement times of the eye in scanning the display for targets. 

Objective three was to assess the relative impact of alternative response mappings on input 
and output processing. Clearly, the response mapping had impacts on input and output processing, 
and those effects were different for input and output. However, it is also worth emphasizing the 
significant interactions of the target-task manipulation and response mapping and their implications 
for the design of information processing tasks. The identification performance as measured by inpitt 
time for compound targets was significantly enhanced by u^g the compound response mailing. 
Thus, not only were the results for the separate and compound response mappings different as 
measured by input and output time, but the input effect was also affected by the arrangement of 
codes vnthin the targets on the display. This finding is consistent with the theoretical concept of 
stimulus-response compatibility, and suggests that future studies of stimulus-response compatibility 
would benefit from considering input and output processing and the application of the WiTS 
methodology. 
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Applications & Lessons Learned 

The applications of this study are perhaps illustrated through the presentation of the results 
in terms of principles and guidelines. Therefore, this discussion will close with the presentation of 
prospective principles and guidelines for the design of information processing tasks in general, and 
target identification tasks in particular, 

1. If accuracy is the primary concern in designing a task involving the need to read information 
from targets on a display, then the use of multiple-code targets where all codes are relevant 
to the task will greatly reduce the accuracy with which the targets are processed. This effect 
becomes more dramatic as the number of targets being processed is increased, such that in 
comparing single to dual code targets, there is a drop in accuracy of 17.5% for every 
additional target placed on the display to be identified. 

2. If the rate of information input is the primary concern in designing a task involving reading 
information from targets from a display, then significant savings can be achieved by 
incorporating multiple codes into a siiigle target. The effect of this coding will be to save 
approximately 300 milliseconds for every additional target that can be removed from the 
display by the alternative coding scheme. The savings reflects minimal changes in the way 
the information is processed, and is due to the time saved in visually locating and fixating 
the targets that were removed from the display by the coding scheme. 

3. The response mapping employed can and «ill affect the way information is read from a 
display and encoded into memory. Further, the nature and magnitude of the effect will 
depend on the particular codes used, the nature of the processing task, and their 
relationship to the response mapping. This study shows that if all codes in the display are 
relevant to the task, and multiple code targets are used, then the response mapping should 
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have a multiple-code coding scheme similar to that used in the compound targets for the 
optimum overall rate of processing, and particularly the rate at udiich codes are read from 
the display and encoded into memory. 

4. The use of compound response mappings causes the rate at ^ch information is taken from 
memory and decoded into a response to be slower vben multiple codes are assigned to eadi 
alternative response, particularly as higher numbers of response are required by the task. 
Therefore, tasks which employ a minimal amount of information on a display, but a 
proportionally large number of responses, (e.g. an information creation task, ala Briggs, 

1974; Teichner & Williams, 1977), should use single code response mappings. 

6. Tasks which are performed intermittently, or for which the users can be expected to have 
little experience, will be particularly sensitive to the effects of the number of codes in the 
target, and the response mapping, particularly as they read information from a display and 
encode it into memory. Therefore, if novice or intermittent users will be performing the 
task, and the task requires the reading of a large number of codes from the display, the use 
of multi-code targets should be avoided for optimal speed and accuracy in performing the 


task. 
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CHAPTER 7 - IdentifiaitioB of Folly Redondaot Codes. 

This chapter describes the results fr<Mn the fourth in a series tit studies examining the effects 
of display and response codes in an identification task. It also represents the final study to be 
described in this report. Chapter 4 described the identification ot single code targets in which the 
codes were from either one of two different categories of codes, or in which the codes were from 
both categories. The results of that study showed that 1) equivalent subsets of digit codes and letter 
codes were in fact processed differently in an identification task; and 2) that the identification of 
subsets of codes consisting of both letters and digits generated identification performance 
comparable to that of the worst of the component code categcmes as measured by accuracy, total 
time per target, and output time per target, but worse as measured by output time. 

Chapter 5 described the second study which examined the effects due to the use of 
compound (two code) targets \^ere the component codes m the target were from two different 
categories of codes, and only one of the codes in the target was relevant to the identification task. 
The results of this study showed that the presence of an irrelevant target code caused the 
performance as measured by accuracy to improve relative to the comparable identification task with 
only a single code in the target. However, this improvement came with a slight cost in terms of the 
rate at which compound targets were processed, particularly as higher numbers of targets were 
presented to be identified. The locus of the effect was shown to be input processing, as defined by 
Teichner’s processing model and the Within-Task Subtractive (WiTS) methodology. Further, thme 
was a time-on-task (practice) effect found for the presence of irrelevant codes when letters were 
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identified using a more complex (compound) type of re^xmse mapping in input time. This effect 
was attributed to fatigue factors induced by the comidexity ot this particular identification task. 

The study described in Chapter 6 assessed the effects of identifying codes from multiple 
code categories udien they were presented as either sin^ or multiple code targets. The results 
showed that the input processing of multiple codes from single targets was essentially the same as 
that for single code targets, because the difference in rates of processing were shown to be equal to 
the time required to move the eye between targets. 

With regard to the effect of response mapping, the studies described in Chapters 4, S and 6 
all showed that in one way or another, the response side of the task affected both input and output 
processing, and the effects on input and output procesang could be different from each other. In 
summary, the results of Chapters 4, S and 6 show that the way information is processed in an 
identification task is a function of: 1) the particular codes being used, 2) how those codes are 
arranged on the display, 3) the particular nature of the response required, and finally, 4) the 
particular instructions given to the subject as to how to perform the task. 

The redundant target-task conditions which are the focus of this chapter are very similar to 
the compound target-task conditions described in Chapter 6. Targets consisting of two codes, one 
being a letter and the other being a digit, were presented to subjects. Subjects were instructed to 
identify both codes in each target, as they were with the compound target-task condition. However, 
in the redundant target-task condition, there was an additional property to the codes used in that the 
same letter always appeared with the same digit, i.e. the letters and digits were fully redundant. In 
theory, the effect of using a fiilly redundant code should be minimal because, by definition, the 
redundant code carries no additional information, (Attneave, 19S4; Gamer, 1962). However, there is 
no empirical data on the effects of code redundancy on input and output processing. Therefore, the 
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question being investigated is: How are the fully redundant codes processed relative to the 
processing of non-redundant or irrelevant codes? 

The objectives of this study are essentially the same as those in Oiapter 4, 5 & 6. Hey are: 

1. Apply the Within-Task Subtractive methodtdogy fcv response time partitioning to the study 
of redundant information codes and discuss the results in the context of a) performance in a 
target identification task, and b) assessing the theoretical and practical implicaticMis of the 
results found. 

2. Assess the relative performance of identifying codes in targets in s^ch the codes are 
redundant, the codes are both different and relevant, or the codes are different and one of 
them is irrelevant. 

Morrison, Corso & Yuasa have addressed the question of redundancy to some degree in the 
context of the WiTS methodology. They assessed targets in vdiich color and semantic (name) coding 
were fully redundant. Their first experiment used four colors (red, green, yellow and blue) and the 
four corresponding color names ('RED", 'GREEN*, 'YEIXOW and 'BLUE') as stimuli. Their 
second experiment used the same four colors, and animal names ('BEAR', 'MOUSE', 'LION* and 
'DONKEY*) as the stimuli. Three conditions were used in each experiment. The ctdor conditkm 
used only blocks of the appropriate hue as stimuli. The names condition used only the hue or 
animal names as stimuli. Finally, the redundant condition had the hue or animal names consistently 
printed in the same color, in the case of color names the color used corresponded to the color name, 
e.g 'RED* printed in red. Thus, the names and colors were fully redundant. The results showed 
that code redundancy did affect performance m an identification task, but only vdien large numbers 
of stimuli were presented to be identified. The nature of the effect was to improve identification 
accuracy. With regard to the rate of target identification, the performance improved with redundant 
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coding to be as good as that for the mcwe quiddy ide nt i fi e d of the component codes nith relatively 
large numbers of codes. However, when only two targets were identified, their results showed that 
the respmise time performance with the redundant coding condition was a composite of that seen 
with the two single code conditions, i.e. the mean of the latency seen with the name condition and 
the color condition. Further, examining the rate of input and rate of output as defined by the 
procedure used in this research, the locus of the redundancy effect was shown to be in input 
IM’Ocessing. 

While Morrison, Corso & Yuasa were able to demonstrate that coding redundancy dkl 
affect performance in an identification task, and that the locus of that effect was in input processing, 
they were not able to make attributions as to how those codes were processed. For instance, it has 
been suggested that hue and semantic codes are processed in parallel, and therefore the effects seen 
in Morrison, Corso & Yuasa could be attributed to the combined benefits of processing both codes 
together, or due to simply processing the more efficient of the component codes. Similar results 
were obtained by Rudolph (1992) in his study using redundant spatial and numeric coding. This 
study will avoid the issue of parallel processing mechanisms by usng stimulus codes that are selected 
from the same categories, and therefore, the discusuon of performance differences due to 
redundancy can avoid the issues assodated with the procesdng mechanisms of the two codes. 
Further, appropriate control conditions will be used so that the effects of redundant code symbols 
may be compared to the processing of equivalent non>redundant code symbols, and the selective 
processing of codes within a target. 
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DESIGN 


This study will utilize three of the target-task coaditioiis described in Chapter 3. The 
ejqwrimental design, shown in Figure 7-1, shows that three factors were manipulated in this study. 
The first factor is referred to as the target-task. The targets used in all the target-task cooditkHis 
used in this study will employ targets consisting of a digit and a letter. However, relevance of the 
codes within each target and the relationship of the codes within each target will differ, ^th the 
compound (letters) target-task condition, an unrelated digit and letter code were presented within 
each target, however, the subject was instructed to identify tmly the letter code, and the digit code 
effectively served as noise . In the compound target-task condition, an unrelated digit and letter 
code is presented in each target, and the subject was to identify both codes in every target. In the 
redundant target-task condition, a digit and letter code were presented in each target and both codes 
were to be identified, however the same letter code always appeared with the same digit code. The 
second manipulation, display density, referred to whether two, three or four targets were presented 
in the 4 by 4 cell matrix on the display. 


On an mtuitive basis, it can be speculated that the compound (letters) and compound 
target-task conditions should represent two ends of a task demand spectrum. The compound 
(letters) target-task condition should be relative^ easy because only a single code within each target 
is relative to the identification task. The compound target-task ctmdition should be relative^ 
difficult because there are more codes to identify per target, and the codes come from different 


^*The compound (letters) condition was chosen as the comparison conditkm for this study based 
on the results of the study described in Chapter 5. One conclusion reached in Chapter S was that 
the ctHnpound (letters) condition was cognitively mote com(^ than the compound (digits), and that 
the digits and compound (digits) may generate different processing than do letters and oonditkms in 
vdiich both digits and letters are being processed. Therefore, the compound (letters) condition was 
chosen as a control for this study because there is no a priori reason to eiqiect that processing was 
somehow qualitatively different would be different from the other conditions used m this study. 





Figure 7-1. Experimental Design for the Compound (Letters), Compound, 
Redundant Comparison. 
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categories. The redundant target-task condition should fall somewhere in between these two 
extremes. Early in the identification of the redundant targets, the task may appear to the subject to 
be as demanding as the compound target-task condititm, because both codes within each target will 
have to be read and encoded into memory^^. However, very rapidfy the relationship between the 
two codes in the redundant targets will become ^iparent, and the sulqect may adopt different 
strategies in identifying redundant targets. For instance, one or the other code in each target could 
be effectively ignored when reading targets fitHn the display and encoding them into memmy, or the 
two codes could come to be seen as a single composite code. If this happens, the input time per 
target performance with the redundant target-task condition will rapidly come to resemble that seen 
with the compound (letters) condition as a function of practice. If, however, the redundant codes 
can not be, or are not, ignored, then the performance with the redundant target-task conditions will 
still improve dramatically relative to the performance seen in the compound target-task conditions, 
however it will never reach the same level of performance seen with the compound (letters) 
conditions. 

The rationale for input time described above wiU probably be appropriate to some degree 
for total time per target because input time accounts for such a large proportion of total time per 
target. Output time per target, however, can be intuitively expected to show markedly different 
performance as a function of target-task condition. Since the particular response mapping used in 
this study will be: Al, B2, C3, D4, ES, F6, G7 and H8, (or in the counterbalanced conditions: lA, 

2B, 3C, 4D, SE, 6F, 7G and 8H); and the redundant target map|Hngs were identical, the 
identification of the second code m each redundant target requires only that each response buttcm be 

^^n the course of the subject briefing, sulqects were informed as to the nature of any 
relationship among the codes in each target, ie. they were informed that they would see a di^ and 
a letter co^ (or letter and digit code in the counter-balanced conditions) and that they would either 
1) see different digit-letter combinatitms, or in the redundant case 2) see the same digit with the 
same letter. The net effect of this instruction was that subjects were aware of the fully redundant 
codes at the start of each redundant session. For more information on the procedure, see 
Chapter 3. 
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pressed twice. This will have the effect of reducmg the respcmse selection component of the output 
processing by half because only half the codes need to be processed in order to respond correctly 
relative to the output processing required for the ompound, and ccunpound (letters) target-task 
conditions. Therefore, the rate oS output processing for the redundant target-task condition should 
be approximately twice for the non-redundant target-task conditions. 

The additional factors manipulated m this study, (shown in Figure 7-1), were the number of 
targets that are presented to be identified (i.e. target density), and the number of blocks of practice. 
Both of these were within-subjects factors. The target-ta^ manipulation was a between-subjects 
factor. The response mapping for this analysis was not manipulated, only the compound response 
mapping is used. The resulting experimental design was a 33 by 10 split-plot factorial design. 
Additional information regarding the spedflc targets used, the counter-balancing of codes within 
targets, the details of the compound response mapping, the display, apparatus and general procedure 
may be found in Chapter 3. 

With the conceptual discussion of the redundant target-task condition and its procesung 
relative to the compound and compound (letters) target-task conditions, it is now possible to present 
several formal predictions for this study. 

1. If the input time per target performance seen from the redundant conditions is comparable 
to that seen for the compound target-task conditions early in practice, and comparable to 
that seen for the compound (letters) target-task conditions in later blocks, then it can be 
concluded that the both codes in the redundant targets are being processed v^n the task is 
being learned, and that when subjects realize that the redundant codes carry no 
informational value, they come to be ignored. However, if the performance seen with the 
redundant codes is significantly different from the cratpound (letters) target-task conditions 





NAWCADWAR-92088-60 


243 


later in practice, then it must be concluded that the redundant codes are processed 
differently than the irrelevant (i.e. noise) codes, despite their having no formal informational 
value. 

If the rate of output processing for the redundant target-task cmiditions is approximately 
half that seen for the compound and annpound (letter) craiditions then only the one of the 
redundant codes in each target are being processed during output. 
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RESULTS 


The comparison of the compound (Letters), compound and redundant target<task conditions 
was performed through a series multi-variate analy^ of variance (MANOVA) procedures. All 
MANOVAs were performed using the Complete Statistical Software fCSS: Statistical analy^ 
package for MS-DOS computers (StatSoft, 1991). Post-hoc comparisons for significant effects were 
performed using the Neuman-Keuls procedure (Kirk, 1982; StatSoft, 1991) included as part of this 
statistical software^. A separate MANOVA was performed for each of the dependent variables: 

Percent Correct, Total Time per target. Input Time per target, and Output Time per target. The 
results of these analyses are summarized in Table 7-1 and are described in detail below. Based on 
the results for practice described in Chapters 4, 5 and 6, and the finding of significant learning 
effects during the first three blocks, additional analyses were performed on the data obtained from 
blocks 1-3 as well as from blocks 4-10. These analyses are summarized in Table 7-2 and Table 7-3. 

The results for all the dependent variables are discussed below. 

Percent Correct Figure 7-2 reflects all the effects for the analysis of percent correct data that 
proved significant from all blocks of practice. There was a agnificant three-way interaction for the 
target-task conditions, target density and blocks, (F=1.S0, (36324), p < .05). The effect arose 
because the identification of four, compound or redundant targets was significantly less accurate than 
the identification of four compound (letter) targets in blocks 1 and 2 of practice. Over all blocks of 
practice, the compound and redundant target-task conditions did not prove significantly diflerent 

^t should be noted that there were a significant number of missing cells in the analyses 
involving the compound target-task condition due to subjects failing to accurately identify any targets 
in one of the within-cells conditions. This missing data required procedures to be used in the 
analyses that adjust for an unbalanced design. As part of its procure, CSS:Statistica drops subjects 
with an excessive amount of missing data so that the resulting matrices are not singular, llie means 
reported in this Chapter will reflect the means used by CSS:Statistica after adjusting for unbalanced 
design. 
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Table 7>1. Summary of MANOVA results for Compound (Letters), Compound, Redundant.^^ 


EFFECT: 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTPUT TIME: 

Condition 

(C) 

£=14.7,(2,18) 

p < .01 

£=293,(2,18) 

p < .01 

£=10.1,(2,18) 
p < .01 

£=22.9,(2,18) 

p < .01 

Targets 

(T) 

F=44J,(2,36) 

p < .01 

£=185,(236) 

p < .01 

£=244,(236) 

p < .01 

£=17.0,(236) 

p < .01 

C_T 

£=15.1,(436) 

p < .01 

£=123,(436) 

p < .01 

£=9.99,(436) 

p < .01 

£=1.65,(436) 

p = .182 

Block 

(B) 

£=1.55,(9,162) 
p = .136 

F=2.80,(9.162) 
p = .072 

£=5.07,(9,162) 

p < .01 

£=13.76,(9,162) 

p < .01 

C_B 

£=1.80,(18,162/ 
p < .05 

£=2.64,(18,162) 
p < .05 

£=3.29,(18,162) 

p < .01 

£=0.61,(18,162) 
p = .887 

T_B 

£=232,(18324) 

p < .01 

£=1.63,(18324) 
p = .175 

£=1.80,(18324) 
p < .05 

£=1.21,(18324) 
p = .252 

C_T_B 

£=1.50,(36324) 

£=2.27,(36,324) 

£=137,(36324) 

£=1.48,(36324) 


p < .05 p < .05 p < .05 p < .05 


^^Condition (C) refers to the target-task conditions used in this analysis. Response (R) refers to 
the response panel mapping effect. Targets (T) refers to the number of targets being identified. 
Block (B) refers to the number of blocks of practice. Interaction effects are denoted by the 
abbreviation for the effects separated by an underscore, e.g. C_R indicates the Condition by 
Response mapping interaction. 

^Analysis uses {Compound-Letters-Compound, C^mpound-Both-Compound, Redundant-Both- 
Ck)mpound} as groups. 

^’Table based on analyses of April 17,1992. 






NAWCADWAR-92088-60 


246 


Table 7*2. Summary of MANOVA results for Compound (Letters), Compound, Redundant, Blocks 1-3 
of Practice.®® ®^ ^ 


EFFECT: 

% CORRECT: 

TOTAL TIME: 



Condition 

(C) 

£=15.0,(2,20) 

p < .01 

£=333,(2,20) 

p < .01 

£=113,(2,20) 

p < .01 

£=21.7,(230) 

p < .01 

Targets 

(T) 

£=28.7,(2,40) 

p < .01 

£=493,(2,40) 

p < .01 

£=115,(2,40) 

p < .01 

£=435,(2,40) 
p < .05 

C_T 

£=7.87,(4,40) 

p < .01 

£=24.6,(4,40) 

p < .01 

£=8.26,(4,40) 

p < .01 

£=239,(4,40) 
p = .051 

Block 

(B) 

£=0.86,(2,40) 
p = .433 

£=11.2,(2,40) 

p < .01 

£=0.68,(2,40) 
p = 314 

£=12.2,(2,40) 

p < .01 

C_B 

£=1.28,(4,40) 
p = .292 

£=2.80,(4,40) 

p < .01 

£=2.94,(4,40) 
p < .05 

£=1.13,(4,40) 
p = 356 

T_B 

£=133,(4,80) 

p = .266 

£=2.60,(4,80) 

p < .01 

£=2.12,(4.80) 

p = .086 

£=0.46,(4,80) 
p = .762 

C_T_B 

£=1.63,(8,80) 
p = .131 

£=2.50,(8,80) 

p < .01 

£=1.89,(8,80) 
p = .073 

£=1.18,(8,80) 
p = 321 


®®Condition (C) refers to the target-task conditions used in this analysis. Response (R) refers to 
the response panel mapping effect. Targets (T) refers to the number of targets being identified. 
Block (B) refers to the number of blocks of practice. Interaction effects are denoted by the 
abbreviation for the effects separated by an underscore, e.g. C_R mdicates the Condition by 
Response mapping interaction. 

®^ Analysis uses {Compound-Letters-Compound, C^mpound-Both-C^mpound, Redundant-Both- 
Compound} as groups. 

®^able based on analyses of April 17,1992. 
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Table 7-3. Summaiy of M^OVA results for Compound (Letters), Compound, Redundant, Blocks *- 
10 of Practice.® ® ® 


EFFECT: 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 


Condition 

(C) 

1=19.6,(2,22) 

p < .01 

£=59.1,(2,22) 

p < .01 

£=233,(2,22) 

p < .01 

£=36.0,(2,22) 

p < .01 

Targets 

(T) 

£=32.8,(2,44) 

p < .01 

£=454,(2,44) 

p < .01 

£=270,(2,44) 

p < .01 

£=283,(2,44) 

p < .01 

C_T 

£=18.3,(4,44) 

p < .01 

£=40.8,(4,44) 

p < .01 

£=25.4,(4,44) 

p < .01 

£=133,(4,44) 
p = .274 

Block 

(B) 

£=0.95,(6,132) 
p = .460 

£=2.87,(6,132) 
p < .05 

£=1.13,(6,132) 
p = 344 

£=2.67,(6,132) 
p < .05 

C_B 

£=1.52,(12,132) 
p = .123 

£=1.16,(12,132) 
p = 319 

£=0.99,(12,132) 
p = .461 

£=1.11,(12,132) 
p = 356 

T_B 

£=0.64,(12,264) 
p = .809 

£=138,(12,264) 
p = .177 

£=0.90,(12,264) 
p = 342 

£=0.84,(12,264) 
p = .604 

C_T_B 

£=1.27,(24,264) 
p = .184 

£=0.60,(24,264) 
p = .930 

£=0.87,(24,264) 
p = .637 

£=0.72,(24,264) 

p = .826 


Condition (C) refers to the target-task conditions used in this analysis. Response (R) refers to 
the response panel mapping effect. Targets (T) refers to the number of targets being identified. 
Block (B) refers to the number of blocks of practice. Interaction effects are denoted by the 
abbreviation for the effects separated by am underscore, e.g. C R indicates the Condition by 
Response mapping interaction. 

® Analysis uses (Compound-Letters-Compound, Compound-Both-Compound, Redundant-Both- 
Compound} as groups. 

®Table based on analyses of April 17,1992. 
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Figure 7-3. Compound (Letters), Compound, Redundant: 
Percent Correct - Blocks 1-10 Interaction for 
Target-Task Comparison by Blocks 


NAWCADWAR-92088-60 




Blocks of Practice 





Figure 7-4. Compound (Letters), Compound, Redundant: 
Percent Correct - Target-Task by Number of Targets Interaction. 
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from each other and, in blocks 4-10, neither was ugnificantly different &t>m the compound (letters) 
target-task condition. In all blocks, the identification of four compound targets was performed less 
accurately than the identification of four compound (letter) or redundant targets, and in fact was 
significantly less accurate than the identificatkm of two or three targets of any type. The Mgnifiw»i»t 
three-way interaction was also brought about in part by the conditions r^re three redundant targets 
were identified being significantly less accurate in blocks 4, 5 and 7 of practice than any of the other 
target-task conditions when three targets were being identified. 

As might be expected given the significant three-way interaction, there were also several 
significant two-way interaction effects in the percent correct data over all blocks. The target density 
by blocks interaction effect was significant due to the conditions with more targets improving more 
with practice than the conditions with fewer targets, (F~232, (18324), p < .01). The significant 
target-task by blocks effect (Figure 7-3; F= 130, (18,162), p < .05), was due to the redundant target- 
task conditions improving significantly in accuracy over blocks 1-4 of practice, while the compound 
(letters) and compound target-task conditions were relatively stable overall. Specifically, the 
compound (letters) target-task condition was different from the compound target-task condition 
across all blocks, while the redundant target-task condition was not significantly different from the 
compound target-task conditions in block 1 of practice, was different from both the compound 
(letter) and compound target-task conditions in blocks 2 and 3 of practice, and was not different 
from the compound (letters) condition in blocks 4-10 of practice. The target-task by target density 
interaction, (F=15.1, (436), p < .01). was due to the accuracy of the compound and redundant 
target-task conditions dropping much faster as the target density increased than did the compound 
(letters) target-task conditions. In particular, the compound target-task condition was sigmficantly 
less accurate when three targets were being identified than the compound (letters) and redundant 
conditions, which were not statistically different from each other. When four targets were identified, 
the compound target-task condition was significantly less accurate than the redundant target-task 
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condition, was in turn significantly wwse than the owapound (letters) target-task condition. 
Accuracy decreased as the target density increased. This decrease is described by the foUowing 
regressions: 

Percent Correctcompouad (Letters) = (Number of Targets) + 1013, 

Percent Coirec L-^^_ _ ■ -17.45 (Number of Targete) + 1333, and 

Percent Correctned„„^, = -8.2 (Number of Targets) + 94.1. 

Two main effects for the analysis of percent correct data for blocks 1-10 were significant. 
The target-task effect was due to the compound target-task conditions (83.9%) being significantly 
worse than the redundant conditions (94.0%) which was in turn significantly worse than the 
compound (letters) conditions (97.9%), (F=14.7, (2,18), p < .01). Finally, the target density effect 
was also si gnificanf, ^=44.5, (236), p < .01), with all three levels of the factor being significantly 
different from each other, (98.7%, 93.6% and 833% for the 2,3 and 4 targets conditions). 

The analysis for blocks 1-3 eliminated all but one of the interaction effects for the percent 
correct data. The target-task conditions by target density interaction remained significant in blocks 
1-3, (F=7.87, (4,40), p < .01). The pattern of significant differences were the same as were 
described above. Target-task conditions and target density main effects remained significant 
(F=15.0, (2,20), p < .01, and F=28.7, (2,40), p < .01, respectively). Again, all three target-task 
conditions were significantly different from each other (98.0%, 74.4% and 89.2% for the compound 
(letters), compound and redundant target-task conditions) and all three levels of target density were 
si gnificantly different from each other over blocks 1-3 of practice, (963%, 89.9% and 753% for 2, 3 
and 4 targets). 

The target-task conditions by taiget density interaction effect was significant, (F=183, 
(4,44), p < .01), and once again the effect was identical to that described for the overall analysis. 
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The compound (letters), compound, redundant target-task conditions was significant with all three 
conditions being significantly different from each other (S>7^%, 82.0% and 96.0% correct for the 
three conditions respectively, 19.6, (2,22), p < .01). Hnally, the identificatkm accuracy dropped 
significantly as the target density increased in blocks 4-10 of {vactice, (96.4%, 92.9% and 84.4% for 
the 2,3 and 4 targets conditions, £» 183, (4,44), p < Dl). 

Total Thne. A significant three-way interaction between the target-task conditions, target density 
and blocks of practice over blocks 1-10 was found, (F=130, (36324), p < .05). This effect, shown in 
Hgure 7-5, was due to a variety of factors. First, vdien the target density was two, there was no 
significant difference between the target-task conditions across blocks 1-10, however there were 
significant differences when the target density was three or four targets. When three targets were 
being identified, the compound (letters) target-task condition was identified dgnificantly faster than 
the redundant target-task conditions, which was significantly faster than the compound target-task 
condition in blocks 1-3 of practice. In blocks 4-10 of practice, the redundant and compound (letters) 
conditions were not significantly different from each other. For four targets, the compound (letters) 
target-task condition was identified significantly faster than the redundant or compound target-task 
conditions in the first block of practice, while the compound and redundant target-task conditions 
were not significantly different from each other. In Mocks 2-9 the redundant target-task condition 
was significantly faster than the compound tai^t-task condition, and significantly slower than the 
compound (letters) target-task condition. In block 10 of {H-actice, the compound target-task 
condition was significantly slower than the redundant or compound (letters) target-task conditions, 
v^ch were not different from each other. 

Hgure 7-6 illustrates the significant target-task by blocks interaction, (£=232, (18^24), 
p < .01). A greater drop in total time per target with practice for the redundant target-task 
condition was observed than foi the compound or compound (letters) target-task conditions. The 
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Figure 7-6. Compound (Letters), Compound, Redundant: Total Time 
Target-Task by Blocks of Practice Interaction. 
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Figure 7-7. Compound (Letters), Compound, Redundant: 
Total Time - Target-Task by Number of Targets Interaction. 
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significant target-task by target density interactira, (£=15.1, (436), p < i)l), is shown in Figure 7-7. 
All three target-task conditions were significantly different fi'om each other at each level target 
density. However, the magnitude of the difiierence increased as the target density increased. The 
rate of increase for the compound target-task condition was 235 times >har for the compound 
(letters) condition, i^iile the rate of increase of the redundant target-task condition was 135 times 
that for the compound (letters) condition. The interaction is described by the regressions: 

Total Tirnecompou^i (u«e«) * *^ 0 (Number of Targets) -178.0, 

Total TimeQ^poy^ = 29303 (Number of Targets) - 1863.0, 

Total Timen^„^„, = 1929.0 (Number of Targets) - 788.0. 

There were two significant mam effects. The target-task conditions were significant due to 
all three target-task conditions being significantly different from each other, (3515, 6867 and 4956 
msec, per target for the compound (letters), compound and redundant target-task conditions; 
Z=14.7, (2,18), p < .01). The effect of target density was significant over all blocks, as well, 
(F=443, (2,36), p < .01). This effect was due to all three levek of target density being significantly 
different from each other, (3129, 5008 and 7200 msec, per target for the 23 and 4 targets 
conditions). 

Blocks 1-3. The analyses for blocks 1-3 and 4-10 introduced a variety of significant practice effects 
that were not apparent in the analysis of total time blocks 1-10. First, the analysis for blocks 1-3 
maintained the significant three-way interaction for the target-task conditions, target density and 
blocks. As was seen in the analyses for the compound target-task condition in Chapter 6, this was 
largely due to the unstable performance in the identification of four, compound targets. The effect 
was also a function of the redundant target-task condition for four targets. Specifically, for blocks 1 
and 3, the four, compound and redundant targets were not significantly different from each other, 
while they were in block 2. Figure 7-5 shows that this was largely due to the performance as 
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measured by total time per target for the compound target'task conditioa becmning l<Higer from 
block 1 to block 2, and then returning to roughly the same level of perframance in block 3 as was 
seen in block 1. The performance seen in identifying 2 or 3 targets in blocks 1-3, regardless of the 
target-type, was fairly stable. 

As might be suspected based on the description of the three-way interaction, there was a 
significant interaction between the target dentity and blocks manipulations m blocks 1-3, £°‘2.0, 
(4,80), p < .01). Again, this interaction was due to the tignificant slowing in the identification of 
four compound targets in block 2 of practice relative to blocks 1 and 3 of practice. Further, there 
was a significant two-way interaction between the target dentity and blocks in blocks 1-3, (F=2.80. 
(4,40), p < .01). Again, this is attributable to the unusual effects vtiien four, compound targets were 
being identified because the identification of four taints overall was significantly slower in block two 
relative to blocks 1 and 3, while the identification of two and three targets was faster through blocks 
1-3 of practice. The fmal two-way interaction was for the target-task conditions by target density, 
(F=493, (2,40), p < .01). As with the analysis over all blocks, all three target-task conditions were 
significantly different from each other at all three levels of the target density, but the size of the 
difference was larger as the target density increased, (see IHgure 7-7). 

All three main effects were significant in the analysis of total time per target data for blocks 
1-3. The target-task conditions effect was due to the compound (letters) condition (3745 msec, per 
target) being significantly faster than the redundant target-task conditions (5799 msec, per target) 
vtiiich was in turn significantly faster than the compound target-task conditions (7937 msec per 
target, £=33.5, (2,20), p < .01). All three levels of the target density were significantly different 
from each other (F=493, (2,40), p < .01; 3415, 5747 and 8319 msec, per target for the 2, 3 and 4 
targets conditions). Fmally, block 1 was significantly slower than blocks 2 and 3, vtiiich were not 
significantly different from each other, (5490, 5048 and 4852 msec per target for blocks 1, 2 and 3). 
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Blocks 1-4. The analyses for total time per target over blocks 4-10 had a significant two-way 
interaction for the target-task conditions and tai^ den^ effects, (F-40.8, (4,44), p < .01). This 
interaction is consistent with those of the overall analysis, with the OMnpound (letters), compound 
and redundant target-task conditions being significantly different from each other over all levels of 
target density, and with the rate of increase in total time per target increasing at different rates as 
the target density increased, (Figure 7-7). The target-task conditions main effect was significant, 
with the compound (letters), (3416 msec, per target), being identified significantly faster than the 
redundant target task condition, (4594 msec, per target), which was faster than the compound target- 
task conditions, (7451 msec, per target; F=59.1, (2,22), p < .01). All three levels of the target 
density were significantly different from each other, (3110, 5035 and 7317 msec, per target for the 2, 
3 and 4 targets conditions; F=454, (2,44), p < .01). Hnally, the analysis of total time per target 
revealed that block 9 of practice (4959 msec, per target) was significantly faster than blocks 4 and 6 
(5275 and 5279 msec, per target). 

Input Time. All effects from the analysis of input time per target over all blocks were significant. 
The three-way interaction found in the percent correct and total time per target data was significant 
for the input time data as well, (F= 1.57, (36^24), p < .05). This interaction, shown m Figure 7-8, is 
due to essentially the same phenomena seen in the total time per target data, i.e. there was no 
significant difference over blocks 1-10 for the different target-task conditions when two targets were 
being identified. With three or four targets, the compound target-task condition was significantly 
slower than the compound (letters) target-task condition across all blocks. Further, with a target 
density of three, the redundant target-task condition was not significantly different from the 
compound target-task condition in blocks 1-7, while in blocks 8-10 the redundant condition was 
significantly different from the compound target-task condition, but was not significantly different 
from the compound (letters) target-task conditions. With a target density of 4, the redundant target- 
task condition was significantly different from the compound (letters) target-task condition in blocks 
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1, 2 and 3 of practice, and the redundant target-task condition was significantly different from the 
compound target-task condition in blocks 2 and 4-10. Thus, when three or four targets were being 
identified the targets in the redundant target-task condition were read frmn the display and encoded 
into memory at a rate comparable to the compound target-task conditicm early in practice, and at a 
significantly faster rate comparable to the compound (letters) condition later in practice. 

There were three significant two-way interactions in the analysis of input time. The first, 
which may be seen in the context of Figure 7-8, is for the target density by blocks interactions, 
(F=1.80, (18324), p < .OS). This interaction was due to a agnificant drop in the mean input time 
per target over blocks with a density of three or four targets. The target-task by blocks interaction 
was also significant, ^=3.29, (18,162), p < .01; Figure 7-9). This was due to: 1) the compound 
(letters) target-task condition not changing over blocks wiiile, 2) there was a significant reduction in 
input time per target for each of blocks 1 through 5 for the redundant target-task condition, and 3) 
the slower input time per target performance for the compound target-task condition in block 2. 

The final two-way interaction over blocks 1-10 for the input time per target data was for the target- 
task by target density interaction, shown in Ingure 7-10, (F=12.8, (4,36), p < .01). In this 
interaction, the compound (letters) condition was significantly faster than the redundant and 
compound target-task conditions, which were not significantly different from each other with a target 
density of 2 or 3 targets. When 4 targets were identified, the compound (letters) conditions were 
significantly faster than the redundant target-task conditions, which were in turn faster than the 
compound target-task conditions. The resulting regresuons for each of the target-task conditions 
may be described by the equations: 

Input Tirnecompound (Uttei*) = (Number of Targets) - 51.0, 

Input TimcQ,„,pQ„n<, = 1586.0 (Number of Targets) - 1445.0, and 
Input Timenjj„„j,„, = 1025.0 (Number of Targets) - 191.0. 







Figure 7-9. Compound (Letters), Compound, Redundant: Input Time 
Target-Task by Blocks of Practice Interaction. 
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Figure 7-10. Compound (Letters), Compound, Redundant: 
Input Time - Target-Task by Number of Targets Interaction. 
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All three main effects for the analysis of input time per target over blocks 1-10 were 
significant. The target-task conditions comparison was significant at £>29.8, (2,18), p < .01. The 
compound (letters) condition (2123 msec, per tar^) was input faster than the redundant target-task 
condition (2864 msec, per target) which was input faster than the compound target-task condition 
(3230 msec, per target). All three levels of target density were significant^ different from each 
other, (Fs 185, (236), p < .01; 1672, 2638 and 3908 msec, per target for the 2, 3 and 4 targets 
conrfitions). Finally, there was a agnificant blocks effect, ^=5.07, (9,162), p < .01. The mean 
performance for those blocks that were significantly different from each other were 3021, 2917, 2695, 
2606, 2451 for blocks 1-5. There were no significant differences between block 5 and blocks 6-10). 

Blocks 1-3. A significant two-way interaction for target-task condition by blocks, (F=2.94, (4,40), 
p < .05) was observed. The effect was due to the unusual performance seen in the compound 
target-task condition wherein compound targets were identified significantly faster than redundant 
targets in block 1 of practice, significantly slower than redundant targets in block 2, and there was no 
significant difference between the compound and redundant target-task conditions in block 3. The 
compound (letters) target-task condition was faster than the compound or redundant target-task 
conditions over blocks 1-3, and the redundant and compound (letters) conditions showed steady 
improvement over these three blocks (see Figure 7-9). The second significant interaction for mput 
time was for the target-task conditions by target density. Again, the interaction was essentially the 
same as that described for this effect over all blocks, (IHgure 7-10). There were two significant main 
effects over blocks 1-3. The target-task comparison was agnificant, (F=333, (2,20), p < .01); 2182, 
3794 and 3423 msec, per target for the compound (letters), compound and redundant target-task 
conditions); and the target density main effect was significant, (F=493, (2, 40), p < .01; 1761, 3039 
and 4599 for the 2, 3 and 4 targets conditions). All levels of these factors were »gnificantly different 


from each other. 
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Blocks 4-10. The analysis for the input time per target data over blocks 4-10 generated three 
significant effects. The first was for the target-task by target density interaction, (F=2S.4, (4,44), 
p < .01). This effect, as with the other analyses of input time, was due to the compound and 
redundant target-task conditions not being agnificantly different from each other when two or three 
targets were being identified, though both were agnificantly different from the compound (letters) 
conditions, while all three target-task conditions were significantly different from each other with a 
target density of four targets. As shown by Figure 7-10, the compound (letters) taiget-task condition 
was faster than the redundant or compound target-task conditions. When target density was equal 
to four, the redundant target-task conditions were identified significantly faster than the compound 
target-task conditions. The main effect for the target-task comparison showed that, the compound 
(letters) conditions, (2098 msec, per target), were identified significantly faster than the redimdant 
conditions, (2624 msec, per target), which were in turn faster than the compound conditions, (3667 
msec, per target; F=23.8, (2,22), p < .01). Rnally, as target density increased the rate of 
identification decreased, (£’=270, (2,44), p < .01; 1674, 2683 and 4032 msec, per target for the 2, 3 
and 4 targets conditions). 

Output Time. As with the other dependent measures for the compound (letters), compound and 
redundant target-task conditions, the output time data for blocks 1-10 showed a significant three-way 
interaction for the target-task by target density by blocks effect, (F-1.48, (36, 324), p < .05). The 
effect was due to the identification of four, compound targets in Mock 2 of practice, which was 
significantly slower than the identification of any other target-task conditions m the seomd Mock and 
all conditions in blocks 1, and 3-10 (Figure 7-11). The output time data from Mocks 1-10 also 
showed significant main effects for the target-task comparison, target density and blocks. The 
target-task effect was due to all three levels of target-task being significantly different from each 
other over all, (F=22.9, (2,18), p < .01; 460, 600 and 341 msec, per target for the compound 
(letters), compound and redundant target-task conditions). All three levels of target density were 





Figure 7-11. Compound (Letters), Compound, Redundant: 

Output Time 
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significantly different from each other as well, (E«17.0, (2,36), p < ill; 438, 472 and 491 msec, per 
target for the 2, 3 and 4 targets conditions). Output time per target decreased over blocks 1-10 with 
block 1, (577 msec, per target), being significantly slower than Mocks 2-10, (429 msec, per target 
overall). 

Blocks 1-3. For the analysis of output time per target over blocks 1-3, only the target-task 
conditions, target density, and blocks main effects were rignificant. All three levels of the target-task 
conditions were different from each other, (F=21.7, (2,20), p < .01; 520, 685 and 388 msec, per 
target for the compound (letters), compound and redundant target-task conditions). As the target 
density increased output time per target increased, ^=4J5, (2,40), p < .05; 503, 534 and 556 msec, 
per target for the 2, 3 and 4 targets conditions). Once again, block 1 for the output time data 
proved significantly slower than blocks 2 or 3, (F=12.2, (2,40), p < .01; 579, 503 and 511 msec, per 
target for blocks 1,2 and 3). 

Blocks 4-10. The same significant main effects for the output time data as were significantly 
different in the same direction for blocks 4-10 as were found for blocks 1-3. The compound (letters) 
target-task condition, (434 msec, per target), the compound target-task conditions, (624 msec per 
target) and the redundant target-task condition, (321 msec, per target) were all significantly different 
firom each other, (F=36.0, (2,22), p < .01). Again, as the target density increased, the output time 
per target inaeased, (F=28.8, (2,44), p < .01; 426, 466 and 487 msec per target for the 
identification of 2, 3 and 4 targets). Though consistent with the changes in performance seen in 
blocks 1-3, the significant mam effect for the blocks manipulation over blocks 4-10 was unexpected, 
(£=2.67, (6,132), p < .05). The cause of the effect is uncertain because post-hoc analyses did not 
reveal any significant differences between the blocks. However, visual inspection of Rgure 7-11 
show that the output time for block 7, (473 msec per target) was longer than the output time 
required for blocks 9 and 10 of practice, (439 and 440 msec per target, significantly different at p = 
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.088), so it is speculated that this generated the significant (xnnibus effect fot blocks in this analysis. 
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DISCUSSION 


This study demonstrated that the identification of redundant codes results in performance 
that is different from the identification of single codes and the identification of multiple codes from 
single targets. These differences appear in both latency and accuracy. The performance in 
identifying redundant codes from a target was very dmilar to the identification of multiple codes 
from a single target early in practice, and comes to resemble the identification of single codes from 
complex targets later in practice. Further, the partitioning of response latency into input and output 
time components demonstrated that the effect of identif^ng redundant codes are different with 
regard to the reading of the codes from a display and encoding them into memory, (i.e. input), and 
the taking of codes from memory and translating them to a response, (le. output). As with the 
discussion found in Chapter 6, the results will not be interpreted in terms of the particular codes or 
code categorie: used because Chapters 4 & 5 deal extensively with those issues. Rather, this 
discussion will continue that in Chapter 6 regarding code complexity and extend it to the issue of 
code redundancy in the context of identifying visual targets. 

All the targets in this study were essentially identical in that they consisted of a single letter 
and single digit code presented adjacent to each other. The difference m the target-task conditions 
were in the way those codes related to each other and the identification task. In the compound 
(letters) target-task condition only the letter code in each digit-letter target was relevant to the 
identificatkm task, ,'a effect, the digit code in this condition was irrelevant noise. In the compound 
target-task omdition, both the digit and letter code were relevant to the identification task, and any 
element of the letter set could appear with any element of the digit set. ^Kfith the redundant target- 
task condition, both the digit and letter codes were relevant to the task (at least in prind]^) 
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although, the same letter always appeared with the same di^L Hierefore, in the redundant target- 
task condition, both codes were fully redundant with each other, and knowledge of udikh letter 
appeared in the target provided sufBdent informatkm to determine the second code. As a result, 
the second code in each target could be ignored. The questitm then becomes: How were the 
redundant codes processed relative to those conditions where 1) two codes were presented, one of 
which was irrelevant to the identification task, and 2) two, complex, non-redundant codes were 
presented, both of which were to be identified? This question will be answered by first, kwking at 
the results for each of the dependent measures, then assesang the overall performance for each of 
the experiment manipulations, and finally describing the results in terms of the predictions. 


Dependent Measures 

Percent Correct Accuracy for the compound and redundant target-task conditions were both lower 
and much more variable than that seen for the compound (letters) condition. Over all the 
conditions, 94% of the trials were responded to correctly. Therefore, there is little basis to be 
concerned with a possible ceiling effect. This assertion is further supported by the existence of a 
number of sigmficant accuracy effects. As for the target-task conditions, the accuracy of target 
identification was worst for identifying the compound target-task condition, followed by the 
redundant targets and finally the compound (letters) target-task conditions. Table 7-4 shows that the 
accuracy in identification in the redundant target-task conditions dropped a net 4.1% relative to the 
identification of compound (letters) and was a net 12.0% better than the accuracy in identification of 
the emnpound target-task conditions overall. Further, the identificatiem accuracy dropped at 
different rates for each of the three target-task conditions as the target denuty increased. While 
there was no significant difference m identification accuracy when two targets were being identified 
between the target-task conditions, each doubling of the target density caused the accuracy dropped 
1.2% for the compound (letters) condition, 8.2% for the redundant target-task conditions and 17 J% 
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for the compound target-task conditions. These results clearly have implications for interpreting the 
processing demands in identi^ng the three different kinds of targets. It can be asserted that the 
identification of two independent codes in a target entails twice as much processing, or at least twice 
as much opportunity for error, as does the identification of two fiilly redundant codes, and 14.5 times 
the opportunity for error as the identification of one code from a complex (compound) target as 
from a single code from the same target as measured I 9 performance accuracy. 

The effects for processing are clearly moderated by the amount of eiqperience the subject 
has in performing the task. As suggested by Figure 7-3, this is particularly the case for the 
redundant target-task conditions. With the redundant target-task conditions, performance early in 
practice, as measured by the percent of correctly identified trials, resembles the performance seen 
in the identification of multiple code targets. However, very quickly (over the course of 30 trials) 
the performance comes to resemble that seen in identifying a single code from complex targets. 

Thus, although subjects are aware of the relationship between the codes in the redundant target-task 
conditions at the start of the trials, only after some ejqwrience with the task do they perform in such 
a way as to reflect the redundant nature of the code symbols. The significant three-way interaction 
between the target-task conditions, the target density and blocks shows that the practice effects for 
the compound, and particularly the redundant target-task conditions were more pronounced when 
more targets were being identified. The effects due to practice were further demonstrated in 
comparing the analyses of blocks 1-3 and 4-10, in which all agnificant practice effects for the percent 
correct data were eliminated. 

Total Time per Target. When one compares the latency performance for the target-task conditions 
as measured by total time per target, it is clear that same pattern of performance that was present in 
the accuracy data was also present in the latency data, i.e. performance in the compound target-task 
conditions were slower than performance in the redundant target-task condition in whiui 
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performance was slower than the compound (letters) conditions. Table 7-4 reveals that performance 
in the redundant target-task conditions was 41% slower than performance in the compound (letters) 
conditions, and 38.6% faster than the compound target-task conditions over all blocks. Also, the 
time required across all the target-task conditions increased as a function of the target density by a 
factor of 230%. 

The target density and the target-task conditions effects in fact were involved in two 
significant interactions, suggesting that there were different processing demands for the identification 
of each of the three target-task conditions. The rate of increase for the compound target-task 
condition (2930.S msec, per target^) was 23 times that for the compound (letters) conditions (1248 
msec, per target^), and the redundant target-task condition (1929.0 msec per target^) increased at a 
rate that was 13 times that of the compound (letters) conditions as the number of targets increased. 
Therefore, it appears that the processing demands for identifying these three conditions were 
significantly different from each other as measured by total time per target, and the redundant 
target-task condition had processing demand between those of identifying single codes from 
compound code targets, and identifying multiple independent codes from compound code targets. 
The second number of targets interaction was the three-way interaction between the target-task 
conditions, target density and blocks, which brings us to the issue of how performance changes over 
blocks 1-10 as measured by total time per target. 

Overall, there was no significant change in latency performance over blocks 1-10 of practice. 
However, the two-way interaction between the target-task conditions and blocks does support the 
proposition that blocks affected the way the target-task conditions were processed. Further, the 
analysis of blocks 1-3 of practice reveled that all three target-task conditions improved to one degree 
or another over the Hrst thirty trials of practice. Figure 7-6 shows these effects, and more to the 
point, illustrates the far greater improvement in the redundant target-task conditions over blocks 1- 
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10 than was seen for the compound and compound (letters) target-task conditions as measured by 
the total time per target data. In effect, the redundant target-task condition was mwe like the 
compound target-task condition early in practice, and was more like the compound (letters) 
condition later in practice. Further, this effect was more pronounced as more targets were being 
dentified, thus generating the significant three-way interaction between the target-task conditions, 
target density and blocks. Finally, it should be noted that the analy^ of total time data later in 
practice, i.e. blocks 4-10, succeeded in removing the significant practice effect while maintaining the 
other effects, supporting the proposition that the performance (and processing) early in practice is 
different from that late in practice. The lone practice effect that remained in the analysis for blocks 
4-10 was the presence of a significant mam effect for blocks. This effect arose because the 
performance in block 9 was slightly faster than that seen in blocks 4 and 6, suggesting that some 
minimal learning continued over all the target-task conditions throughout the course of the 
experiment. 

The consistency of the accuracy and total time per target in showing changes in processing 
is striking. With each additional block of practice, the total time per target decreased, and the 
accuracy for each block increased. Teichner (1977,1979) and Teichner & Williams (1977) propose 
that processing in an task such as that used in this study be conceptualized as a series of stimulus 
translations. They argue that during input, there are a series of stimulus-stimulus translations where 
the information in sensory memory is converted to an appropriate representation in working 
memory. A series of translations are then performed until the processing task is completed and the 
responding can begin. Further, the primary effect of practice is suggested to be the reduction in the 
number of translations required between input and output. The findings in this study of a reduction 
in time required per target and increased accuracy with practice are entirely consistent with this 
model. If processing is characterized in terms of translations, the reductions in the number of 
translations (perhaps because input codes are mapped more and more directly to output codes), the 
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amount of time required for each target would drop. Further, the development of more direct code 
translations would reduce the opportunity for errors, because fewer translaticms would mean that 
there are fewer translation errors. 

Further supporting the Teichner translaticm model of {vocessing are the emfmcal results 
for the redundant target-task condition. It would be intuitively expected that the greatest 
opportunity for improvement with regard to the target-task conditions used in this study lie in the 
redundant condition because the two fully redundant codes could be mapped to each other, and/or a 
single response with practice. Again, the improvement in both accuracy and rate of identification for 
the redundant condition relative to the non-redundant conditions in this study supports this 
interpretation. The fact that the rate of identification doubles with practice for the redundant 
condition is exactly what would be expected if the mechanism generating the change in performance 
is the improvement in the translation efficiency for two fully redundant codes. In effect, the 
relationship between the two fully redundant codes means their relationship is less complex than that 
for the two codes in a compound target, and therefore they can be processed more efficiently. This 
change in processing efficiency come vnth practice, through a reduction in the number of code 
translations. Teichner suggests that the bulk of the translation takes place during input, and 
therefore the reduction in translations, i.e. processing, that take place with blocks of practice should 
therefore be found in input with the WiTS model. The changes in input and output will now be 
considered. 

Input Time per Target. All effects from the analysis of the input time per target data over blocks 1- 
10 proved significant. As with the percent correct and total time per target data, the compound 
target-task condition was slower overall than the redundant target-task condition, wdiich was in turn 
slower than the compound (letters) target-task condition. At a mean input time per target of 3230 
msec, per target, the compound target-task condition reflected an increase of 52.1% over the 
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compound (letters) conditions (2123 msec, per target), and an increase of 12.8% over the input time 
per target required for the redundant target-task condition (2864 msec per target). These means 
show that the redundant targets were mput 34.9% slower than the compound (letters) targets. 

Table 7-4 also describes the significant drop in the rate of mput as a function of the number of 
target being identified. Overall, the rate of input dropped 233.7% as the number targets doubled. 
Further, both the target-task and target density effects interacted significantly, (Figure 7-10), 
demonstrating that, as with the total time per target analyses, the processing required for each of the 
three target-task conditions increased differentially as the number of targets increased. The 
identification of redundant targets increased at a rate of 1025 msec per target, or 1.4 times the 
increase seen for the identification of a single code from a multiple code target, (741.S msec per 
target^ for the compound (letters) condition). The identification of multiple, non-redundant codes 
from a single target increased at a rate of 1586 msec per target^, or 2.1 times the rate of increase 
for the identification of single targets and 1.5 times the rate of increase for redundant targets over 
all. Thus, it can be concluded that the processing involved with reading redundant codes from a 
display and encoding them into memory (mput) is less complex than the encoding of multiple, 
unrelated codes from targets, and is more difficult than the encoding of single codes from multiple 
code targets, as was argued above. The rate of increase in the time required to read targets firom a 
display and encode them into memory as a function of target density, and was moderated by 
significant blocks effects, specifically in the form of a three-way interaction between the target-task 
conditions, target density and blocks of practice. 

There was a significant main effect for practice over blocks 1-10 for input time per target, 
where performance improved significantly overall for eadi of blocks 1-5. Further, the amount of 
improvement was affected by 1) the particular type target-task being performed and 2) target 
density. In effect, the greater the target density, the greater the benefit from practice. Also, the 
largest and most consistent improvement was seen in the redundant target-task conditions, and the 
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greater the number of redundant targets being identified, the greater the improvement. Thus, the 
presence of the significant three-way interaction and the significant two-way interaction between 
number of targets to be identified and blocks, (both illustrated by Figure 7-8), the target-task by 
blocks interaction effect, (illustrated by Figure 7-9), and the signifiranr overall main effect for Mocks. 
These results are total consistent with Teichner’s description of input processing as a series of 
stimulus-stimulus translations (T^, and the reduction of the number of translations required with 
practice on the task. Further, the similarity of mput latency for the compound and redundant 
conditions early in practice, and the redundant and compound (letters) conditions late in practice 
suggest that the redundant codes come to be processed as a single code in input with a sufficient 
amount of practice. 

The partitioning of the input time per target data into early and late practice served the 
purpose of eliminating the significant blocks effects, confirming that the majority of learning had 
been completed within 30 trials of practice, though there was still a significant target-task by blocks 
interaction over blocks 1-3. This effect was doe to the rather unusual performance seen in the 
compound target-task condition as measured by the percent correct, total time per target and mput 
time per target data. In effect, these measures indicate the performance with the compound target- 
task condition got more accurate but slower as sulgects went from block 1 to block 2 of practice. As 
subjects went to block three of practice, however, performance stayed as accurate, but the input and 
total time per target got significantly faster. Apparently, the complexity in performing the compound 
target-task identification, particularly when larger numbers of targets were being identified, caused 
subjects to adjust their performance criteria such that they improved accuracy at the expense of 
latency in block 2 of practice, and then improved the latencies of their performance while 
maintaining accuracy in block 3 of practice. With regard to the target-task conditions and target 
density, and their interaction, the direction and uze of these effects were consistent with those 
described for the overall analysis across blocks 1-10 for the input time per target data. 
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Output Time per Target The performance seen in the target-task conditions as measured by output 
time was clearly different from that seen in the percmit correct, total time and input time per target 
measures. This is particularly clear in the significant main effect for the target-task conditions, in 
aUch the redundant target-task condition was responded to significantly more quickly than the 
compound (letters) or compound target-task conditions. As may be seen frmn Table 7-4, the overall 
output time per target for the redundant target-ta^ condition was 34.9% faster than the OHnpound 
(letters) target-task condition, and 76% faster than the compound target-task condition. This shows 
that at least one aspect of output processing, i.e. either the taking information from memory, 
translating it to a response and/or executing the response was less demanding than that for the 
compoimd and compound (letters) target-task conditions. The finding of a significant main effect 
for target density, which showed a 12.1% increase in the output time required per target as the 
number of targets increased from 2 to 4, suggests that some of this output effect for the 
identification of redundant targets must be attributable to processing associated with the redundant 
as compared to compound and compound (letters) taiget-task condition, rather than simply the 
mechanics of executing the responses. This assertion is further supported by the significant three- 
way interaction between the target-task conditions, target density and blocks. Examination of 
Figure 7-11 reveals that not only was the output time associated with the redundant target-task 
condition faster than that for the other target-task conditions, but also improved less over blocks, 
and was less variable overall. Because target density is assumed to be a factor that affects the 
information processing aspects of the identification task, and it appears that the redundant target- 
task condition appears to be less affected by the target denaty in the output time per target 
measure, it can be argued that there must be less information being processed in the output of 
redundant targets. Again, such a finding is consistent with the conceptual treatment of processing as 
a series of stimulus translations. Therefore, it is suggested that the individual codes in the redundant 
targets are in fact treated in processing as a single code in output. The relative speed of output seen 
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for the redundant target-task condition reflects the additional movement time required to execute 
two responses to the same code, i.e. plan and execute the same response twice. 

The analyses for blocks 1-3 and 4-10 had the effect of eliminating the significant three-way 
interaction between the target-task conditions, target density and blocks. However, the target-task, 
target density and blocks main effects remained significant in the analysis of both blocks 1-3 and 4- 
10. Therefore, it can be concluded that the essential effects seen in output time were persistent 
across both early and late practice, as may be surmised from Figure 7-11. 

Experiment Manipulations 

Target-task Manipulation. The results above make it clear that the compound (letters), compound 
and redundant target-task conditions affected the performance of the identification task. The 
identification in the compound (letters) condition, with the identification of single codes from 
compound targets, was both more accurate and, with regard to total time per target and input time 
per target, faster than the identification of two fully redundant codes from compound targets, or two 
non-redundant codes from compound targets. Further, both the overall rate of responding and the 
rate of input of the redundant targets was faster than that for identifying non-redundant codes within 
a target, particularly as more targets were presented on the display to be identified, and/OT after 30 
or so trials of practice. What is particularly interesting in this study, is that the reading of redundant 
codes from a display and encoding them into memory should be slower thaw the input of the 
(letter) codes, while the output of the redundant codes k significantly faster than the output for the 
single (letter) codes. What makes this even more noteworthy is that the redundant target-task 
conditions requires twice as many responses as the compound (letters) target-task condition, and 
findings in chapters 4-6 that suggests that the more responses that are required, the slower should be 
the rate of output. This supports the assertion that there is something different about the way the 
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codes in the redundant targets are processed relative to both the onnpound (letters) codes and the 
compound codes. 


The fact that the input time per target fw the redundant target-task conditions is longer 
than that for the compound Oetters) condition, suggests that both codes in the redundant target-task 
condition are being read into memory and processed. However, because the redundant codes are 
input faster than the same number of non-redundant codes in the compound target-task conditions 
indicates that while both codes are being processed in the redundant target-task condition, they are 
not being processed in the same way as comparable non-redundant codes on a qualitative ba^. 
Once the redundant codes are encoded from sensory memory however, the second of each of the 
fully redundant codes apparently receives m inim al processing and this enables the output of the two, 
fully-redundant codes to be much faster per code than that for targets in which single codes are 
relevant, or targets which have multiple codes that must be attended to, but in which the codes are 
not related (redundant)^^ These results may indicate that only one of the redundant codes m 
memory is in fact processed during output. 


Target density. The more targets there were to identify the worse the performance as measured by 
both accuracy and latency. Further, there was a significant interaction between the target density 
and the target-task effects as measured by accuracy, total time per target and input time per target. 
Thus, as more targets were to be identified, the less accurately and more slowly were the targets 


^^An interesting caveat with regard to the particular conditions used in this study is ai^o|»iate 
at this time. This study created redundant conditions where the two redundant cod^ required 
exactly the same response, i.e. the response mappings for each of the redundant codes was also fiilly 
redundant such that both redundant c^es could be responded to correctly Ity simply executing every 
response twice. An interesting variation of this study would be to utilize an alternative response 
mapping so that a different response was required for the execution of each of the fully redundant 
codes. This could be done simply by utilizing the separate response panel mapping described in 
chapter 3, or by changing the redundant pairs, eg. A3, B2, etc. rather than the mapping Al, B2, etc 
used in this study. With this manipulation it should be possible to assess the relative change in 
output time per target in terms of response redundancy as opposed to display code redundancy. 
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identified, and the effect was greater for the compound target-task condition than it was for the 
redundant target-task condition, which was in turn mcwe affected rhan the ounpound (letters) target- 
task condition. With the exception of the rignificant three-way interaction between target-task, 
number of targets and blocks, (which is e]q>iained by the redundant target-task conditicm benefittiug 
more from practice relative to the other target-task conditions), the locus of the number dt targets 
and target-task interaction can be said to be in input processing. That this effect should be 
assodated with the reading of codes from the display and being encoded into memory is coosasietA 
with the WiTS processing model (Teichner, 1977,1978; Teichner & Williams, 1977). Therefore, it 
can be concluded that the bulk of the latency and accuracy decrements found in these identification 
tasks is located in input processing. 

Blocks of Practice. The most impressive aspect the blocks effects in this study is the differential 
effects practice had on the different target-task conditions. As is most clearly shown by the 
significant interactions for the target-task conditions by blocks for accuracy (figure 7-3), total time 
per target (Figure 7-6) and input time per target (Figure 7-9), the redundant target-task condition 
got more accurate and faster with practice relative to the improvements with practice seen for the 
compound (letters) and compound target-task conditions. Again, that the output time per target 
measure should not contribute to this interaction suggests that the bulk of the learning is associated 
with the processing involved with reading information from a display and encoding it into memory. 
This is not to say that there were no performance improvements due to blocks mdicated by output 
time. In fact there were significant main effects for the blocks and output time per target as 
measured across all blocks, blocks 1-3 and blocks 4-10. However, because these were simple effects 
and not implicated to a significant degree with processing by virtue of a significant interaction with 
the target density, it is suggested that the learning associated with output is essentially learning to 
execute responses rather with the output processing per se. 
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Results Sammury 

The results for each of the experimental predictions is summarized below: 

1. The input latencies associated with the redundant target-task conditions were not 

significantly different from those of the compound target-task conditions early in practice, 
but were significantly different later in practice. Further, the redundant input latencies were 
significantly different from the compound (letters) target-task condition early in practice but 
were not different later in practice. Therefore, it is concluded that early in practice both of 
the redundant codes are being processed as if they were not redundant, but as they are 
recognized as being redundant, the two redundant codes come to be treated as single codes, 
in accordance with prediction 1. It is not clem' that the processing of redundant codes late 
m practice is in fact identical to that of the single codes identified in the compound (letters) 
condition, however. This caveat arises due to the significant overall difference between the 
redundant and compound (letter) target-task conditions in the analysis from blocks 4-10 of 
practice. It may be that if performance with additional blocks of practice vwre measured, 
that any difference between the redundant and compound (letters) target-task conditions 
would ultimately disappear. However, that cannot be stated deflnitively based on the data 
from this study. 

Z Prediction 2 states that if the rate of processing for the redundant target-task condition is 
approximately half that seen for the compound and compound (letters) conditions, then only 
one of the redundant codes in each target is being processed during output. Table 7-4 
describes the percent of change m the target-task contrast as a drop of 34.9% when 
comparing the redundant target-task to the compound (letters) condition, and a drop of 
76% when comparing the redundant target-task condition to the compound condition. 
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Therefore, it appears that prediction 2 should be accepted, and that on average at least, the 
amount of processing seen with the redundant target-task conditions is approximately half 
that seen for the conditions where all the codes identified must be independently processed. 


Objectives 

The general objectives of this study were essentially the same as for the other studies 
described in this report. They were to: 

1. Apply the Within-Task Subtractive methodology for response time partitioning to the study 
of redundant information codes and discuss the results in the context of a) performance in a 
target identification task, and b) assessii^ the theoretical and practical implications of the 
results found; and 

2. Assess the relative performance of identifying codes in targets in which the codes are 
redundant, the codes are both different and relevant, or the codes are different and one of 
them is irrelevant. 

Both objectives 1 and 2 have been met in this study. The partitioning of the total time per 
target measure into input time and output time components has demonstrated that redundancy in 
codes has a differential effect on how codes are read from a display and encoded into memory 
versus the taking of information stored in memory, translating it to responses and executing the 
appropriate responses. The results obtained were often either not present m the total time measure, 
or were in fact totally different for input and output time. For example, the total time per target 
measure revealed that the identification of redundant targets was both faster and more accurate than 
the identification of multiple code, non-redundant targets, and both slower and less accurate than the 
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identification single codes from multiple code targets. This finding was essentially confirmed in the 
input time measure, indicating that both codes in the redundant targets were affecting input 
processing, i.e. were being read. However, the redundant codes were read more rapidly than non- 
redundant codes, particularly as more and more codes were identified during a g^n task. The 
output time per target measures showed that the redundant target-task conditions were responded to 
more quickly than either the single codes (compound-letters) or multiide code, non-redundant 
(compound) targets. This difference in the relative performance between input and output time was 
taken to show that though twice as many responses were required from the redundant target-task 
conditions as the compound (letters) conditions, only a single code was being processed during 
output in the redundant code conditions. These findings therefore confirm the merit of the WiTS 
methodology, and the utility of measures relating to input and output processing in understanding 
human performance with different processing tasks and different information codes. 

The relationship of total, input and output time, as well as the processing for each of the 
coding conditions used in this study is directly illustrated in Figures 7-12 and 7-13. Figure 7-12 
shows the relative performance of the total, mput and output time per target measures as a function 
of the target density and the different target-task conditions over all blocks of practice. Figure 7-13 
was derived from Figure 7-12. The only difference is that the latency measures are calculated on the 
basis of the number of codes identified, rather than on the number of targets identified. Figure 7-14 
reflects this same data for blocks 4-10. Because the compound (letters) have only one code that is 
relevant to the identification task, the regressions on the basis of number of targets and number of 
codes are in fact identical. The regressions for the three target-task conditions on a per target basis, 
(Figure 7-12) are: 

Total Time compound (Lettem) = 1^48.0 (Number of Targets) -178, 

Input Time compound (Uttei*) = 741.5 (Number of Targets) - 51, 

Output Time compound (Uttew) = 0 (Number of Targets) + 411, 





Figure 7-12. Compound (Letters), Compound, Redundant: 
Total, Input & Output Time by Number of Targets. 
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Figure 7-13. Compound (Letters), Compound, Redundant; 
Total, Input & Output Time by Number of Codes Identified. 
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Figure 7-14. Compound (Letters), Compound, Redundant: 


^5AWCADWAR-92088-60 


t5 

O) 


(U 

n . 
E o 

z 4 
<D S 

i 00 





(D 

•o 

O 

O 


(0 

•a 

c 




otnoinoinoinoinoinomoin 

ocsiinr^ocMioh-ocviinr^ocvjior^ 



I 

I 


Number of Codes 









288 


NAWCADWAR.92088-60 


Total Time rnmpn»i«i ® 29303 (Number of Targets) - 1863, 

Input Time rnm p»..n H * 1586.0 (Number of Targets) - 1445, 

Output Time = 26.0 (Number of Targets) + 515, 

Total Time RcduiKUnt * 1929.0 (Number of Targets) - 788, 

Input Time = 1025.0 (Number of Targets) • 191, 

Output Time = 37D (Number of Targets) + 230. 

The regressions on a per code basis, (Figure 7-13), are: 

Total Time compound (Letters) = ^248.0 (Number of Codes) - 178, 

Input Time compound (Uttem) = “^^l^ (Number of Codes) - 51, 

Output Time compound (Lettets) = (Number of Codes) + 411, 

Total Time compound “ 14653 (Number of Codes) - 1863, 

Input Time compound “ (Number of Codes) -1445, 

Output Time compound “ (Number of Codes) + 515, 

Total Time Redundant = (Number of Codes) • 788, 

Input Time ~ (Number of Codes) -191, 

Output Time Redundant “ (Number of Codes) + 230. 

Of interest with regard to processing is the slopes of each of the regressions shown in these 
figures. The slopes indicate the rate of increase in each of the latency measures as a function of the 
target density. With regard to input, and on a per target ba^ (Rgure 7-12), the redimdant targets 
(1025.0 msec, per target^) require more time per target to be identified than do the compound 
(letters) targets (7413 msec, per target^) and require less time per target to be identified than the 
compound targets (1586.0 msec, per target^). However, on a per code basis, the input time per code 
for the compound (letters) targets and compound targets are virtually identical, (741.5 and 793.0 
msec, per code ) and the relevant codes in these targets require more time per code than do the 
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codes in the redundant condition (512^ msec, per code^). The comparison of the target-task 
conditions on a per target and per code basis carries over to the assessment of output time per 
target as well. That the time required to process relevant but fiilly redundant codes should be less 
than that required for relevant but non-redundant codes is appealing on an intuitive basis. The 
codes in the redundant condition have less information associated with them because knoudedge (rf' 
one of the codes gives complete knowledge of the second code. Therefore, less time needs to be 
spent in reading the two codes on a per code basis, than with non-redundant codes. 

The change in output time per target required for each additional target for the compound 
and redundant target-task conditions (26.0 and 37.0 msec, per target^ respectively) is also about 
twice that required for the compound (letters) conditions (16.0 msec, per target^). Again, on a per 
code basis, the slopes of the regressions are virtually identical (16.0,13.0 and 183 msec, per target^ 
for the compound (letters), compound and redundant target-task conditimis). This supports the 
notion that the output processing for the relevant codes in each of the three tasks is comparable and 
occurs at the same rate, and that the differences seen in output time on a per target basis are in fact 
due to differences in the number of relevant codes being processed in output by virtue of the task 
requirements for each of the target-task conditions. Further, the intercept difference seen in output 
for the redundant task condition probably corresponds to the fact that the second response for each 
redundant target requires the pressing of the same button twice (Rtts, 1954). 

Applications & Lessons Learned 

As with the study reported in Chapter 6, the applications of this study will be illustrated 
through the presentation of the results in terms of principles and guidelines. 

1. Redundant codes are read from the display and enccxled into memory faster than non- 
redundant codes on a per code basis, i.e. the time required to input each of the fully 
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redundant codes is faster than the time required to input a comparable non-redundant code 
on a per code basis. However, because the second redundant code by definition carries no 
information, the net performance in identifying redundant targets is slower than that for 
identifying single codes, at least early m practice. 

2. Once fiilly redundant codes are encoded in memory, there is no processing cost associated 
with the redundant codes on the output ude of the task. Examination of the slt^tes and 
intercepts of Figures 7-12 & 7-13 suggest that the differences in output time per target are 
due to the physical movement times associated with repeating every response twice in the 
redundant condition, and this repetition does not involve any additional processing per se. 
Future studies should examine this finding in more detail through the use of alternative 
response panel mappings. 

3. The more targets there are to be identified, the worse the performance in terms of both 
speed and accuracy. This finding was true for all three target-task conditions where the rate 
of responding and accuracy both decreased as the number of targets mcreased. However, 
the amount of decrement in performance with increasing numbers of targets was moderated 
by the particular target-task condition. The performance got worse fastest as the number of 
targets increased for the identification of compound targets where both the codes in each 
target were relevant and unrelated. Performance decreased the least as the target density 
increased when a single code from each target was being identified. The redundant targets, 
where both codes in each target were relevant but were fully redundant with each other 
decreased at a rate that was both significantly worse from the identification of single codes 
and significantly better than the identification of multiple unrelated codes. 
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4. Performance on all the conditions improved in terms both speed and accuracy. However, 
the improvement seen in the redundant target-task ccmditicm benefitted far more from 
practice, and the improvements continued over a larger number of trials than with the dob- 
redundaat target-task conditions. The effect of practice was so extensive with the redundant 
condition that the performance early in practice was comparable to that with identifying 
multiple codes from single targets (compound) while late in practice (after 70 trials or so) 
performance with the redundant tarots was comparaUe to that with identifying sii^ codes 
from targets (compound-letters). 

5. The results of this study suggest the use of fully redundant codes should be avoided v^en a 
task is going to be performed relatively infrequently and/or by inexperienced users because 
the additional codes entail additional processing and this will lower the rate of target 
identiflcation and accuracy of identification. This guideline b particularly relevant v^en 
large numbers of targets may be present on the display for identification. 

6. The subjects in this study were explidtiy informed of the nature of the identification task 
and the relationships of the codes in the displays for each task. Thus, sulqects in the 
redundant target-task condition were aware that the two codes in each target would be 
perfectly correlated. That there should still be such dramatic learning effects with the 
redundant target-task conditions therefore emphasizes the importance of experience with the 
task in learning to perform it, and that task instructions can not be expected to compensate 
for the effects different information codes and coding schemes will have on performance. 

7. The comparison of the performance seen in this study with the eiqierimental manipulations 
in terms of the target density and the number of codes being identified shows the value of 
using both measures m understanding performance. The benefits of this approach were 
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particularly dear when they were comtwed with the WiTS methodology, and the assessment 
of input and output processing derived from that methodt^ogy. Future studies should 
continue to compare the rate of change in performance with dianges in the number ttf 
targets and/or codes to assess the effects on information processing. 

8. The Teichner & Williams (1977) descriptitm of processing proved entirely consistent in 

terms of explaining the results found. Processing may be conceptually thought as a series 
of stimulus translations. Most of these translations take place during input, and thus, input 
requires more time per target than does output. When a task is relatively novel, more 
translations are required than vdien the subject has had ejqierience on the task. As a 
subject becomes experienced with performing a task, the more directly he or she may map 
codes in the display to responses. The more condstent the relationship among the codes in 
a task, the faster the reduction in codes will take place with practice. The issue of 
processing and the development of a general processing model for the type of identification 
task used in Chapter 4, S, 6 and 7 shall be the topic of Chapter 8. 
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CHAPTER 8 • Gcaenl DtocBSsloo 


The studies described in Chapters 4-7 investigated a number of issues relating to the effects 
of various display and response codes on performance in input and output times. It is now 
appropriate to revisit the major findings from these studies and consider them in a more general 
theoretical context. So far in this report, the research findings have been considered only in terms of 
the general model described by Teichner (1977,1978) in developing the Within-Task Subtractive 
(V^TS) methodology. The WiTS model states that a discrete informatitm processing task, (as 
opposed to a continuous control task), can be thou^t of as consisting of a sequence of two stages: 
mput and output (Figure 8*1). As discussed in detail m Chapter 3, input consists of all that 
processing that occurs following the onset of a stimulus in a display, including the acquisition, 
encoding, and ultimate storage in a non-sensory or working memruy. This stage is followed by the 
output stage that includes all those processes fdlowing the storage of information in memory, 
including response selection and execution. The only requirements for the model were the 
assumptions that: 

1) There be a non-sensory (e.g. working) memory, and 

2) The requirement that input stops and output begins when all of the items to be stored in 
memory, have been stored. 

However, Teichner (1977) notes that the second assumption is not rigid. In fact, it may be that 
processing is not strictly sequential, and may in fact be something of a cascade as long as the stages 
are approximately sequential. 
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In order to provide a more detailed context for interpreting the findings from Chapters 4-7, 
it is appropriate to begin this discussion with an overview of a more detailed processing model that 
influenced the development of the Within-Task Subtractive (V^TS) methodology. Teichner & Krebs 
(1974) developed a general processing model based on thdr survey (rf the ch(^ reactkm time data 
up to that time. The basic model is: 

P = f|(a) + f2CIs^ + ^ f|(R*Sel) + f^fR-Ex) 

where: P = Performance, measured by time, speed (u* error, or a combination measure such as the 
amount of information transmitted; 

- empirical determmed constants for a particular task and level of practice; 
a = that portion of performance associated with stimulus encoding (in the sensory 
register), and is limited in part by the activation properties of the stimuli. This aspect 
of processing operates in a manner umilar to Grice’s Variable Criterion Performance 
Model (Grice, Nulmeyer & Spiker, 1982; Grice, Canham & Gwynne, 1974; Grice & 
Gwynne, 1987). Teichner & Williams (1977) describe the a term mathematically as: 

a = a, a^ 4 RT 

a^ = a constant associated with neural transmission speed, 
a, = a stimulus encoding constant associated with the activation or arousal 
properties of the stimulus^. 


^It is well established that various properties of a display and/or stimulus may affect 
performance, e.g. the brightness of the stimuli, the color of the stimuli, etc., and these have 
incidental effects on performance. For in^ance, brighter displays tend to generate faster reaction 
times than do dimmer stimuli or displays. The color red is often dted as having arousing properties 
which lead to faster response times, though the color or brightness may not have any intended 
relevance to the task (e.g Morrison, 1977). The a^ term is intended to account for these jM’operties 
and their effects on performance. 
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RT = simple reaction time component of Donders’ subtractive model for 
recognizing that a stimulus has occurred, and nduch is dependent in part on the 
particular nature of the informatkm conveyed by the stimulus.^ 

T 55 « the time required for a Stimulus-Stimulus Translation. Conceptually, there may 
be a series of such translations before the information in the diq[>lay is in a form 
suitable for storage in memory. 

Ts.]( = the time required for a Stimulus-Response Translation. Teichner & Krebs 
suggest that there is a single translation process ndiich takes the information stored in 
memory and, in effect, selects the appropriate responses. 

R-Sd = the time required to take the desired responses, as determined by and 
convert it to appropriate response actions, i.e. develop the correct motor program for 
implementing the desired responses. This response-selection phase of the model may 
be considered to be relatively constant for a pven task and level of performed 
experience with a particular task’s response demands. 

R-Ex = the time associated with executing the motor responses and the processing 
involved with momtoring the response execution. Teichner & Williams note that this 
can be considered a constant for a pven, well learned motor activity. 

In essence, the model states that performance in a task is the product of a serial system. The model 
is based on the definition of a task as involving the transfer of information between components. 

Each term in the model can be considered for discusuon purposes to represent a function or sub- 

^eichner & Krebs (1974) showed that the time to recognize the occurrence of a reversed ’F 
was longer than a standard ’P, suggesting that in fact simple reaction time varies considerably as a 
function of stimulus information. 
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task, and each sub-task involves a transfer of infcHmatuMi. The functions called out in the Tekhner 
& Williams model include an arousal mechanism which is associated with the extractkm of 
information from sensory memory. This a term therefore operates in a manner similar to the 
variable criterion theory^ udierein a decision is made as part ot seasoiy processing that a certain 
stimulus has occurred, and the decision is affected by certain higher-order facttvs such as task 
context and expectation. Stimuli which are d^ected are then passed akmg to the first, translatioa 
stage where a series of operations are performed cm the stimuli to translate them to a form 
appropriate for completing the task (T^. The arousal and first translation effectively constitute 
input processing in the Teichner (1977,1978) l^^TS model. When the stimulus (or stimuli, 
depending on the task demands) have been adequately processed, output processing can begin. At 
this point the results of the input translations will be translated a gain, however this time the 
translation involves the selection and execution of the desired responses (T 3 ,|(). This information is 
then passed to a response selection stage, m which a sequence of coordinated motor control 
movements are generated (R-Sel). This information is used actually to execute the responses. Hie 
motor movements are in fact monitored and modified during execution as needed (R-Ex). The 
results obtained in the studies described in this report are consistent with this processing model. 

The major results from Chapter 4-7 will now be reviewed, and related to the processing model. 


^Variable criterion theory, as advocated by Grice and his students, suggests that informalioa is 
accumulated from the sensory store at a variable rate depending on such factors as stimulus contrast, 
brightness, etc.. Evidence accumulates in a manner consent with a random walk model. The 
information regarding the existence and identify of a stimulus continues to accumulate until it 
crosses a threshold, at which point it is passed to working memory to be processed as a code. The 
amount of information required to identify that a stimulus has occurred, i.e. the set point for the 
criterion, is set m large part by the context of the information task, and factors whid affect the 
eiqpectation that a certain type of stimulus occur. Thus, the eiMence for the occurrence of 
different stimuli accumulates according to a random walk, and the criterion which is used to judge 
that a certain stimulus has occurred is variable and set by the observer according to a variety of 
cognitive factors. For a more complete discussion of random walk models, and the variable criterion 
theory, see: Grice, Nulmeyer & Spiker, 1977,1982; Grice, 1968; Swanson & Briggs, 1969; Laming, 
1968; Edwards, 1965. 





298 


NAWCADWAR-92088^ 


Mi^or Fladlaga. 


The major findings from the studies described m Chapters 4-7 will now be described and 
related to the Teichner & W illiam s model, with an eye towards the consistencies and discrepancies 
of the results with each other and the model. From the review of these findings, it is intended that 
the model can be assessed in terms of its adequacy in describing the em^rical findings. Chapters 1 
and 2 suggest the following general conclusions: 


1. Different codes of categories, even when those codes are very similar, can lead to different 
performance as measured by the overall rates of processing, input processing, and output 
processing. 

2. The processing of codes from multiple code categories causes the rate of input processing to 
be done at a rate comparable to the slowest of the component codes. 

3. The proces^g of codes from multiple code categories causes the rate of output processing 
to be done at a rate comparable to the sum of the rates for the component codes. 

4. Increasmg the number of targets to be identified decreases the rate of overall, input and 
output processing and decreases the accuracy of identification. Doubling the number of 
targets to be identified will double the total time per target required for each target, udiile 
the input time will increase approximately 84%, and the output time will increase 10%. 

5. The amount of change with changes in the number of targets to be identified is moderated 
by the particular code categories being identified, i.e. there is a code by number of targets 


interaction. 
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6 . The presence of co-Iocated, (irrelevant), codes fttwi a separate category will affect 
processing, particularly when a large number of codes are being identified. The particular 
effect seen will depend on the particular category of codes being identified. However, it 
appears that very rapidly identified codes will be identified more slowly and mcH-e accural^ 
when they are presented with noise codes in the display. The primary locus of the nt^ 
codes affects appears to be in input. 

7. The impact of response mapping is mostly in output, in that a mapping with more than one 
code assigned to each response will be output more and more slov^ relative to a map[xng 
where there is one code assigned to each response as more and more responses are 
required. However, there is an impact on input vdiich is dependent on 1) the type of code, 
2) the number of codes being identified, and 3) the amount of experience with the task. 
When an inexperienced performer is attempting to identify a large number of codes and 
those codes are from multiple code categories, the use of a mapping with one code per 
response will have slower input than one with multiple codes per response. Examining the 
input and output times for the different code conditions suggests that when the coding and 
response mapping are perceived as relatively complex, i.e. the codes being identified are not 
readily processed, (e.g. the identification of letters as opposed to digits, as argued by Briggs, 
1974) and with a single code mapped to each response, more of the translation associated 
with the response panel appears to take place in output than when the tasked is perceived 
as simple. 

In general, the results of the studies in Chapter 4 & 5 are consistent with the processing 
model described by Teichner & Williams. If we accept that the translation of codes is an essential 
aspect of processing, then it would make sense that processing would be affected by the number and 
particular form of the codes being processed. For instance, given Briggs’ (1974) assertion that d^ 
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codes are processed as individual codes on a regular basis in the context of task outside the 
laboratory while letters are not, it would make sense that digits should be processed more quickly 
than are letters in a code identification task such as that used in Chapters 1 & 2. Further, Teichner 
(1977,1978; Teichner & Williams, 1977) assert that the majority of the translation process occurs 
during input. Therefore, it would be expected that the largest proportion time m these code 
identification tasks should be assodated with input which they are for both the type and number of 
code manipulations, which they are. 

The effects of identifying codes from multiple code categories was not predictable based on 
the Teichner models. That input processing of codes from multiple categories should be comparable 
to the most slowly identified codes, however, is consistent with the model. It would suggest that a 
basic processing strategy, i.e. a fixed sequence of stimulus-stimulus translations is set-up in working 
memory at the start of the task. This sequence is applied to all stimuli regardless of their source. 
Further, the possibility of there being more efficient stimulus-stimulus translations being available for 
particular subsets of codes in the display does not affect the overall T^^ sequence. In essence, the 
codes m the display are processed as if they come from a single category, and the category that 
determines the initial T^^ sequence is the one which allows for all the codes to be processed. Such 
an interpretation is consistent with the results seen in output. It was found that the rate of output 
for identifying codes from multiple categories was, on average, comparable to the sum of the output 
times required for the codes in e^ch of the component code categories. Thus, there is an output 
cost for processing the codes vrith a single, common sequence of stimulus-stimulus translations in 
that the stimulus-response translation becomes more difficult as the common set of memory codes 
must be converted to one of two sets of output (response mapping) codes. The output processing of 
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codes from multiple code categories may therefore require an extra translation stage during 
output^. 


The effect of noise codes would be e]q>ected to be almost entirely in input, based on the 
Teichner models. It would appear that this is in fact the case. Apparently, the presence of 
collocated noise codes also causes an decrease in the rate of processing for certain categories of 
codes which are very rapidly identified. Again, the implication is that a more efficient stimulus- 
stimulus translation strategy must be abandoned in favor of a more conservative one. This 
translation strategy results in performance comparable to that seen in more slowly processed 
independent code categories, in terms of both speed and accuracy. The suggestion, then, is that the 
effect of an irrelevant (noise) code category is fairly minimal, though it is clear the noise codes are 
being processed. However, the noise codes receive minimal processing in working memory. In 
effect, the noise codes receive only the processing necessary to filter them out alter having been sent 
into working memory, perhaps by the activation mechani' i ^.i ihe Teichner model. 


There were two subtle, an'I somewhat problematic, effects found in the presence of noise 
codes described in Chapter S as a function of the response mapping. The first effect was in input 
where the identification of four letter codes with di^t noise codes was performed more slowly late in 
practice when responding was done on the compound response mapping. If we accept Briggs’ 

(1974) suggestion that letters are processed more slowly due to that lack of sulqect familiarity in 


^One conceivable test for this hypothec would be to use a single code categwy on the 
response category, and assess the impact on output time when compared to <esponse mappings 
which represent both response categories. For instance, presenting a matrix of digits and letters to 
be identified, where the response panel could be either of those used in these studies, and compare 
performance to a panel consisting of only digits or only letters. With the single code response 
mappings, the "I" button vrould be used to identify either the’l’ or ’A’ codes, the *2* would be 
con«dered the correct response for either ’B’ or T, etc. If we compare the output times for these 
two conditions, it should be found that no additional translations are required when the response 
mapping consists of codes from a single code category, if in fact they are being processed as a single, 
common code in working memory. 
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processing them as individual codes, this effect could be accounted for by fatigue, as the processing 
of a large number of such codes could be conudered to be more demanchng, and after a substantial 
period of time performing a task, would be more susceptible to such effects. 

The second effect relates to output. In the identificaticm tasks described in Chapter S only 
codes from a single code category were being identified. Therefore, the mapping of the irrelevant 
codes as separate from, or coincident with, the relevant codes on the response panel was not 
expected to have an effect on output. Somehow, the response mapping did result in a significant 
interaction effect with the target-task condition when a large number of targets were being identified 
(Figures 5-7b, 5-9). The only mechanism which would seem to e]q>lain how the compound response 
mapping could affect output under these conditions attributes the decrement in output to the 
collocation of irrelevant codes on the response panel. This would imply that some sort of input 
related to response execution takes place during output, and in the process the presence of irrelevant 
codes then serves to complicate and slow down the output to the compound response mapping, 
though these keys are being used to identify targets from a single category. This explanation will be 
kept in mind as the results from the studies described in Chapters 6 and 7 are discussed. 

The studies described in Chapters 6 & 7 were intended to study further how the 
interrelationship among code categories interacted with each other to affect performance in general 
and input and output processing in particular. Chapter 6 described a study where the codes were 
identified from multiple code categories. However, the codes could be assigned to the display with a 
single code per cell in the display, or multiple codes from different categories could be collocated in 
the cells on the display (i.e. the separate and compound target-task conditions). The results from 
this study indicated that; 
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8 . All dependent measures, i.e. total, input and output time per target and accuracy were 
affected by the collocation of codes from different cat^ories in a single target on the 
display such that, on a per target basis, the performance was worse with all measures with 
the collocated codes in a single target. 

9. The rate of decrement in performance was affected by the target density, with the 
compound target-task conditions decrementing faster than the separate target-task 
conditions. However, an analysis of the rates of change suggested that a more appropriate 
way of analyzing the data would be on a per code basis rather than a per target basis, i.e. 
the appropriate conceptual unit of analysis should be in terms of the number of codes v^iidi 
are relevant to performing the task, rather than the number of targets. When analyzed on 
this basis, it was found that there was a net savings in mput for the compound target-task 
conditions which was attributed to the fewer number of visual fbcations with the compound 
target-task conditions. 

10. The use of separate and compound response mappings had significant effects on 
performance in terms of both mput and output processing. Accuracy of code identification 
was lower when there was a high target density early m practice and the compound response 
mapping was employed. Generally, accuracy was less stable for the compound response 
mapping and high target densities throughout the course of the eiqwriment. Overall, the 
separate response mapping led to slower input of the codes in both target-task conditions. 
However, there was an interaction with the separate and compound target-task 
manipulation, in wdiich the rate of input for the separate targets improved much faster than 
it did with the compound target-task conditions, particularly as larger numbers of targets 
(codes) were presented to be identified. Output procesabog was slowed 3.25 Umes faster as 
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the number of targets to be identified increased with the compound response mapping than 
it did with the separate response mapiung. 

11. On a per target basis, it was found that the input of letter codes with collocated nc^ (digit, 
e.g. the compound (letters) target-task condition) codes was faster than the input of 
collocated redundant codes. However, on a per relevant code basis, it was found the input 
of the compound (letters) and compound codes were equivalent to each other, and the input 
of redundant codes was faster overall. 

12. The input of redundant codes was done at a rate comparable to the compound target-task 
conditions at the start of practice, and a rate comparable to the compound (letters) 
condition at the end of practice, suggesting that the two redundant codes in each redundant 
target are treated as separate codes early in practice, and a single (composite) code later in 
practice. The transformation of the redundant codes to a single composite code takes place 
gradually over practice. 

13. The output of redundant codes was performed faster than it was for either the single code, 
or compound codes conditions, suggesting that the translation of codes from memory to an 
executable response was less demanding for the redundant target-task conditions. 

A gain, the results from the studies in Chapters 6 and 7 were generally consistent with the 
Teichner & Williams processing model. One of the more ygnificant findings from Chapters 6 & 7 
was the finding that a more consistent interpretation is possible when tasks are conceptually 
discussed m terms of the relevant codes, rather than targets per se. As shown by Figures 6-19 and 
7-14, the eH’ects from identifying multiple codes from the same target were directly comparable in 
terms of changes in the rate of processing when discussed on the basis of number of relevant codes. 
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The different intercepts for these functions were explained by the reduced number of visual dwells 
necessary to read the codes from the display vidien two codes were collocated in a single target. 

The findings from the redundant target-task conditions were particularly interesting. Again, 
v^en considered on a per code basis, they make sense in terms of the Tekhner & V^Uiams 
processing model V^th regard to input, each code in the fully redundant targets is processed as a 
separate entity, and therefore the rate of input resembles that for the cmnpound target-task 
conditions where each code in the target is relevant but unrelated. However, as experience is gained 
with the task and the redundant targets in particular, the two redundant codes gradually come to be 
treated as a single code. Therefore, on a per code ba^ where the redundant codes are treated as a 
single composite code, the rate of input seen mth the redundant codes late in practice is similar to 
that of the identification of single relevant code targets. That the transition in the rate of 
performance with redundant codes over practice is gradual is entirely consistent with the Teichner & 
Williams conception of T^^. Teichner & Williams suggest that the primary effect of learning is to 
cause the translation process to become more efficient, i.e. fewer and fewer translations are 
necessary with practice. The data, particularly with the redundant target-task conditions used m this 
study directly supports the assertion. 

The results for output time with the redundant target-task conditions are also consistent 
with the Teichner & Williams conceptualization of output processing. The rate of output processing 
on a per code basis for the redundant codes was comparable to that for the identification of both 
single codes and multiple codes from a single target. However, the intercept for the redundant 
codes was approximately half that for the conditions where the codes being responded to had no 
relationship. The similar rates of output with increases in the number of responses suggests that, 
overall, the T^^ for the redundant codes were the same. Thus, though twice as many responses 
were required for the redundant target-task condition, a »ngle stimulus-response translation was 
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required for the two redundant codes. The lower intercept for the redundant codes reflects the fact 
that two responses were being executed for every response selected, and this was done with minimal 
costs in procesiung. In sum, these results are omsistent with the conceptualization oi output 
consisting primarily of a single R-Sel, and R-Ex. 


Theoretical Implications of Resolta • A Revised Processing ModeL 

While the results obtained in these studies are generally consistent with the suggestions of 
the Teichner & Krebs (1977) model described above, there are several idiosyncrades relating to 
output which suggest a modifleation to the model may be appropriate. Two issues suggest that a 
modification to the Teichner & Williams model might be appropriate. One of these stems from 
considering how the model might be made more generd to apply to tasks other than those used in 
WiTS research to date. Specifically, how could the model could be used to describe a task that was 
less discrete (e.g. one which entails a very complex sequence of responses or even a contmuous 
control task). 

In a continuous control task, such as a tracking task, there is difficulty in discriminating 
inputs from outputs. In effect, the task consists of a continuous series of input and output cycles 
where the operator performing the task must input the status of the system, how it has changed 
since the last inputs, interpret how his previous control mputs have affected the system, and then 
determine and execute appropriate control outputs (e^ Poulton, 1974). Clearly this is a task which 
was beyond the original intentions of the Teichner (1977, 1978) and Teichner & Williams (1977) 
processing models. However, it is desirable that the model be able to describe how such a task be 
performed. 
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The second issue relates to the emfurical tnuiing^ in the studies described in Chapters 4 & 

5, some of «4iich are difficult to account for with the Teichner & William« model These effects 
took the form of several interactions between several of the target-task conditions, the target density 
and the particular response mapping being used Specifically, in Chapter S it was found that the 
presence of nc^ codes had an effect on output processing, but only when a large number of codes 
were being identified. It was argued above that this finding could be accounted for by the |vesenoe 
of a secondary input taking place in the course of output. The presence of the irrelevant codes in 
the output, particularly when those irrelevant codes are collocated on the same response keys as they 
were in the compound response mappings used in these studies, serves to complicate and slow down 
the output in the compound response mapping. A primary feature of the revised model is the 
presence of this secondary input mechanism which provides additional information for output. 

Both these issues can be addressed with vriiat will be refereed to as an "Iterative Cascade 
Model". This model is shown in Figure 8-2. The model is similar to the Teichner & Williams 
(1977) model except that 1) the stages are not assumed to be strictly serial, and 2) it is assumed that 
there is a limited input which occurs during output to drive output processing. The stages are said 
to occur in cascade because, while they do occur in a sequence, the processing in one stage may 
begin before all processing has been completed in the preceding stage. The relative occurrence of 
stages in time, however, is thought to be relatively stable. It may be that the time when a succeeding 
stage begins relative to a preceding stage is not fixed, and may be affected by such factors as general 
task demands, and experience with the task. However, it is asserted that the relative duration and 
timing of the stages is relatively stable. Thus, because a succeeding stage may begin vriiile a 
preceding stage is ongoing, but cannot begin until the preceding stage has begun to output, the 
stages are said to occur in cascade. 







NAWCADWAR-92088-60 



Iterative Cascade 


















NAWCADWAR-n088-60 


309 


The model may be considered iterative fm* two reasons. First, in discrete tasks, such as 
those used in this research, information related to the output side of the rash occur twice. During 
the input stage, the information regarding the output is fairly general and'ts limited cmly to that 
information required to determine the apprc^niate responses. The secimd input, which occurs at the 
start of output, is used to obtain information necessary to develop a motor program and contrd the 
responses to be made as determined during input processing. Thus, the model is iterative because it 
involves multiple inputs, each of vdiich serves a different purpose in the course of performing the 
task. Further, during very complex tasks it may be that not all processing is completed in a single 
processing cycle. For instance, when the outputs are extremely complex, it may be that a sequence 
of responses are issued by the subject, and then a pause is seen in responding as additional 
information is accumulated and processed. Thus, the second reason the model can be considered 
iterative is because the processing cycles consisting of input and output may be considered to be 
cyclical. The iterative aspects of the task may be extended to less discrete tasks. For instance, in a 
continuous control task, a new cycle of input may be begun as the outputs from a previous 
processing cycle are still being executed. 

The cascade model is suggested for a variety of reasons. Hrst, the notion of an iterative 
cascade of stages has intuitive appeal. It does not seem logical that the functionality of the brain 
would be organized so that large areas would be idle wiiile each of a series of sequential processes is 
performed. Therefore a strictly serial model seems in appropriate. Clearly, processing takes time, 
and the manipulation of different experimental factors has demonstrated that there are distinct 
patterns to the changes in time required foi different factors across a variety of experimental 
paradigms. Therefore, a strictly parallel model does not seem appropriate either. Further, if a 
model is to be general, it must be applicable beyond the discrete processing tasks that are so 
common to the experimental psychology literature. A model of processing should be applicable to 
continuous control, e.g. tracking tasks. Clearly, such a task requires that there be a continuous 
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feedback loop where the subject is monitoring his own outputs, and compare them to desired results 
to changes in the performance of the controlled system. Such performance does not appear as a 
series of discrete cycles of processing, such as would be demanded by a serial stage model where 
each cycle took a fixed period of time. The most parsimonious stdution to explaining procesung 
across discrete and continuous tasks would appear to be a model of stages that are pmformed in an 
iterative cascade. 

The proposed model is described in detail as follows: 

5 - Sensory Input. This consists of all that information in the display and response mapping which 
affects the performance of the task. 

Sensory Store - A very short term sensory memory, (e.g. Sperling, 1960; Teichner, 1977,1978; 
Teichner & Williams, 1977). 

*D-f R * & Response Infomution Accumulator. An accumulator mechanism (e.g. Teichner 

6 Williams, 1977) which detects stimuli in both the thsplay and response panel mapping from the 
sensory store. The mechanism detects information in accordance with the Grice (1968) variable 
criterion theory. The criterion for what constitutes information is affected in part by the task 
demands (e.g. instructions to the subject), and in part by e:q)erience with the task and factors such as 
arousal. Only that information perceived as necessary for stimulus-stimulus translation is input into 
working memory, particularly as the task becomes more demanding. The accumulator may also play 
a part in setting the basic clock speed, or rate of processing, in working memory. 

Tgg • Stimulus-Stimulus Translation. A series of stimulus-stimulus translations, ala Teichner & 
Williams (1977). Information which relates to both the information in the stimulus and to certain 
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limited upects of the response panel affects the translations that take place. Translatkms may 
include: 

1) Translation from detected codes to a suitable memory representation. 

2) Translation involving sorting of relevant and irrelevant codes (the relevance may in part be 
determined by the presence and general arrangement of codes on the response panel). 

3) Manipulations of the codes as required by task demands. These manipulations may be 
affected by processing strategy and experience in performing the task. There may be a 
number of such translations particularly when the task is complex and/or when the task is 
novel. 

4) There is a final Stimulus-Stimulus translation whereby the codes which are to be responded 
to are stored in working memory. 

a|i • Response Mapping Accumulator. A second iteration of information accumulation occurs after 
the first accumulation has been completed. However, different information is gathered for working 
memory by this accumulator. The accumulator gathers information regarding the arrangement of 
responses on the panel rather than the identity of the response, thus the information may be 
qualitatively different from that gained through the initial accumulation. Again, the accumulator is 
assumed to work in accordance vnth variable criterion theory. 

Ts.|t - Stimulus-Response Thinslation. As per Tekhner & Williams, there is a stimulus-response 
translation in which the codes to be responded to are translated to executable responses. The 
responses are generated based on the results of T 3 ^ and the response mapping information gained 
through a second input (a^). 
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R-Sel • Response Selection. That procesang associated with taking the outputs of stimulus-response 
translation and converting them to a sequence of respemses and a motm’ program. 

R-Ex • Response Execution. That processing assodated with monitoring and controlling motor 
movements during execution. 


Future Directions. 

The intent of this research was to demonstrate the within-task subtractive methodology and 
a theory of information processing which focused on input and output, and in so doing generate 
meaningful theoretical, methodological and practical results. It is hoped that the reader agrees that 
this intent has been met. The question now becomes one of: Where to go from here? This 
question has already been addressed to a limited degree in the course of each of the studies 
described in Chapter 4-7, and will now be summarized here in general terms. 

One of the primary questions asked in this research was that of the effects of codes. 

Factors relating to the type and arrangement of codes in both the display and the response panel 
were manipulated and found to have effects on both input and output processing. Clearly there is a 
need to continue to assess how the use of different codes and code properties assesses processing. 
The WiTS methodology, as used in this paper would readily allow the comparison of (Uqilay icons 
and pictorial symbology to be addressed, as well as such coding pr(q;ierties as color and shape 
corhng, the effects of mampulating the ordinal properties of codes, etc. The issues of noise and code 
redundancy have only been touched on in this report. Other manipulations of the presence of noise 
codes and their relationship to relevant codes are present in the coding literature, and couM be 
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employed within the context of the WiTS methodology. With regard to redundancy, only the case of 
total redundancy was studied in this report, however redundancy can be seen as a continuum v^ere 
codes are only partially redundant. Clearly, it could be very worthwhile to study redundancy further 
than was done in this report. 

The issues of codes and coding are closely related to those of display formats. The WiTS 
methodology as used in this report could be used to assess how different formats, or arrangements 
of information in a display screen, affect the way that information is input and output. One simple 
example might be to take the presence of a display grid, which m this study was limited to defining a 
four by four cell matrix, and comparing performance on comparable tasks with different matrix 
arrangements, such as when a two by eight cell matrix is used or no matrix is presented at all. Such 
a manipulation might lead to interesting findings regarding what in a display provides information, 
and how that information affects different aspects of processing. 

Future research, such as that suggested for continuing to study codes and display structure 
may want to incorporate methodological development as well. For instance, the mcorporation of an 
occulometer in studies of coding and display formatting may allow assessment of how information is 
input during various stages of processing as a function of other ejqperiment manipulations. Such a 
development would then allow further theoretical development, and the construction of a more 
detailed processing model than was possible in this research. In addition, the incorporation of 
measurements of movement times and response sequence data, which was beyond the scope of the 
studies described in this report, would also facilitate a more detailed study of processing than was 
possible here. 

Another issue that should be pursued m future research is the role of different processing 
tasks. Teichner (1977) for instance describes three basic categories of processing tasks: information 








314 


NAWCADWiyi-9208S-60 


conservation, where the amount of information in the output is equal to the amount of information 
in the mput, e.g. the target identification task used in the studies of Chapters 4-7; information 
reduction, where the amount of information transmitted in output is less than the amount of 
information input; and information creation, udiere the amount of information in the responses 
exceeds the amount of information in the input. It may be interesting to look at manipulations such 
as those used in these studies in the context of these different kinds of information processing tasks 
in order to see how the mput and output processing is affected by the different kinds of tasks. 

Another aspect of tasks the deserves further attention is that of explicit strategy. It should 
be possible to construct tasks which either force different processing strate^es to achieve the same 
ends, or facilitate different processing strategies that may be manipulated through task instructions. 
For instance, the ordinal aspects of digit and letter codes could be made relevant to the processing 
task, and then different arrangements of digits and letters may be employed to force different code 
sorting strategies in performing the task. Alternatively, different categories could be used in 
combmation with different task instructions. For instance, the compound target-task used in 
Chapters 6 & 7 could be employed. However, subjects would be instructed to identify one category 
of targets before the other, or instructed to identify a target from each category in alternation. In 
effect, these manipulations of task instruction may serve to make the task more or less complex and 
therefore demanding. Similar effects could be achieved by simply increasing the number of 
alternative codes, and/or response alternatives. The iterative cascade processing model was 
explicitly developed to describe how processing might occur m such tasks. It would be very useful to 
develop variants of the WiTS methodology which could be used to assess input and output 
processing in such less discrete or even contmuous control type tasks. 

Clearly the results obtained so far in using the Within-Task Subtractive methodology and an 
input-output processing model illustrate the potential value of future research using this approach to 
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studying human information processing. The issues renewed above at a general level, and those 
described in detail elsewdiere in this report illustrate that there is a great deal of work yet to be 
done. The WiTS methodology, because it is less restrictive in its assumptions, is uniquely suited as a 
tool for performing this work. 
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CHAPTER 9 - CoDdnsion 

This research set out to address a variety of issues related codes and coding. The research 
described assessed the validity of a premise common to much human performance research: that die 
nature of processing not affected by the particular codes used or their arrangement in the display 
and response panel. A review was made of code and coding research described in the literature, and 
the Hndings of this research was discussed in terms of their implications as to how codes in the 
display, their relationship to each other, and the codes and arrangement of codes in the response 
mapping might affect processing. The results obtained demonstrated that not only do the particttlar 
codes used in an information processing task affect the performance seen in that task as measured 
by speed and accuracy, but those effects may be subtle and complex. 

The processing model, and methodology used to generate the findings was based upon the 
conception of processing as consisting of two essentially sequential stages, described as input and 
output. Input processing entails the input of information from a display and encoding it into 
memory. Output processing was said to involve the use of codes in working memory, translating 
them to desired responses, and then executing those responses. The model and methodology used, 
e.g. the Within-Task Subtractive (WiTS) methodology, were discussed in detail and compared to 
alternative response time partitioning procedures and models. The WiTS methodology was 
advocated as one with significant applied and tbem'etical utility because it required minimal, and 
relatively non-controversial assumptions. Because of these minimal assumptions, the WiTS 
methodology should be applicable to a wide variety of information processing tasks, including those 
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more typical of applied settings. Therefore the studies described in this report served to 
demonstrate the WiTS methodology and its utility in addres^ng a variety of code and coding issues. 

The specific code/coding issues addressed included the relative performance in terms of 
input and output in an identification task uiiere one ttf two different cat^ories of codes were 
employed. The specific codes used were digits and letters, because they are commonly used in the 
human performance literature, and share a number of dmilar properties. Despite their similarities, 
it was found that digits and letters are processed differently in terms of input and output. 

The effects of different categories in an identification task were also assessed in the context 
of a study concerned with the presence of irrelevant, or noise, codes coUocated with a relevant code. 
The codes used were again digits and letters. However, when the letters were the relevant code 
category the digits served as noise, and when the dipts were relevant letters were used as noise 
codes. Thus, the results of this study served to continue the assessment of the effects of code 
categories, except that the categories served to differentiate noise and non-noise in the display. The 
results of this study showed that the presence of noise codes in display targets served to change 
processing, particularly m terms of input processing. Minimal output effects were found for the 
presence of noise codes as well, particularly with certmn response mappings. The results were 
interpreted as showing that noise codes do receive some degree of processing. However, the 
processing given to noise codes was different from that seen for relevant codes. 

The third study described in this report involved assessing the effects of codes from multiple 
code categories (digits and letters) which were either presented in separate targets or with multiple 
codes coUocated in the same target. The data analysis revealed performance differences depending 
on the code arrangements in both the display and response panel. When the results were analyzed 
on a per code, as opposed to a per target basis, it was concluded that, in fact, the difference in 
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processing related purely to the reduced number of visual fixations required «1ien multiple codes 
were collocated in the same target, rather than a difference in input and oidput processing per se. 

The effects of alternative response mappings were assessed in the first three studies. The 
mappings used in the studies were chosen to mimic two general schemas found in computer 
keyboards: a separate response mapping where a single response code is associated with each 
response key, or a compound response mapping n^ere multiide (Le. two) codes are mapped to each 
response key. It would appear that many researchers effectively assume that the response mapping 
is relevant only to response execution, and not a major factor in the way information is processed. 
The empirical results in this research, however, indicated that this is not the case. Factors relating 
to the response side of the task clearly affect not only the response side of the task, but affect the 
input side of the task as well. Further, the manipulation of factors relating to the output side of the 
task interacted wth experimental manipulations traditionally used in the study of information 
processing. Therefore, it is asserted that factors relating to the response side of the task can have 
important effects on how information is processed. Further research is required to better ascertain 
how the output side of the task affects the mput side of the task. 

The last study described in this report continued the assessment of how collocated codes 
from multiple code categories affect processing. Spedfically, the impact of collocated redundant 
codes was compared to that for collocated codes where both codes were relevant but unrelated, and 
the case u^ere there are two collocated codes, one of which was irrelevant (i.e. noise). The results 
indicated that the processing of redundant codes changes with practice. Early in practice, each code 
in the redundant targets is treated as an individual code. As practice continues, the codes ctmie to 
be treated as a single or composite code. It was found that although the fiilly redundant codes 
required a response for each code in the target, the output of redundant codes was faster than that 
required for relevant but unrelated codes on a per response basis. The results in output were 
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interpreted as being due to a requirement for fewer stimulus-response translations (T^.^) in output 
with the fully redundant codes. 

The last major concern discussed in this report related to theories of processing and the 
development of a general processing model which mi^ account for all the phenomena found in the 
empirical studies related in this report. An iterative cascade model was developed based on the 
Teichner & Williams (1977) procesdng model for discrete informatkm processing taiAs The model 
developed differed from other processing modek described in the report in several respects. First, 
the model noted performance in output processing which suggested that a secondary input occurred 
during output (at least under certain highly demanding task conditions). This second input was 
argued to be different from that which took place early in input in terms of its shorter duration, and 
the input of qualitatively different information. The model may be considered iterative in the 
respect that there are two dktinct inputs vdiich occur at different points in processing. A seomd 
major difference from earlier processing modek was that the model was described as a series of 
processing stages which were not strictly serial, i.e. took place in a cascade. The processing m one 
stage could begin before all information had been output from a preceding stage. Fmally, it was 
suggested that the processing cascade could occur in an iterative manner in order to describe how 
complex tasks of extended duration could be performed, e.g. with a continuous control task. 

It should be evident to the reader of thk report that the Within-Task Subtractive 
methodology k an elegant and powerful tool for the study of human performance and human 
cognition. It k versatile in that it may be applied to a larger variety of processing tasks, and may be 
extended to application research fairly readily. A variety of general and specific directions for future 
research were described throughout thk report. It k hoped that the reader k sufficiently impressed 
with the methodology, and finds the issues brought about by thk document intrinsically interesting, 
such that he or she will be inclined to pursue some of thk work in hk or her own laboratory. 
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APPENDIX A. Subject BrMug 

• Each subject will be brought into the experiment ro(Mn and given a test for visual acuity 
to ensure that they have normal correct^ (20/20 or better) vision. 

• The subject will then be seated in front of the response panel and CRT. The subject 
will then be briefed with the following. 

This e]q>eriment is being performed to study the effect of various display and response 
coding combinations on reaction time. During the study you will see a matrix containing (digits, 
letters, letters and numbers) appear on the display at the start oi the trial Your task is to identify 
as ACCURATELY AND QUICKLY AS POSSIBLE the (digits, letters, letters and digits) using this 
response panel (point to panel)”. 

’Before we start I need to get your consent to participate. Please read this form (Give 
Subject Consent Form). Let me emphasize that you may withdraw your consent at anytime. I also 
want to point out that if you would lixe to know what the results of this research are, let me know at 
the end of the study and I will send a copy of the write up when it is ready to your P.O. box.” 

• (When form is completed • continue) 

’Now let me explain your task in detail.” 

’You will be pacing yourself, that is you determme when to start each trial. To do this, hold 
down the square button at the bottom of the response panel with your RIGHT INDEX FINGER 
(POINT to button and show which finger). Hold this button until you start responding. When you 
know what items are in the display and are ready to start identifying the items in the ^play, take 
your right index finger off the square button and press the appropriately labelled button (with the 
same finger). Continue pressing buttons until you have identified every item in the display. If the 
same (digit / letter) appears more than once, press the button as many times as there are (digits / 
letters). Please use only your right index firmer to push the buttons. When you have finished 
identifying all the items in the display, go back to the square button and the bottom and hold it 
down until you see the message ’Done Timing”. If you want to stop for a minute then let up the 
button when you see that message. (Verbally walk through a trial - point out that the number of 
items to be identified will vary across trials (2, 4 or 6 items))’. 

”1 should tell you that the display will disappear after a certain amount of time has passed, 
or when you press the first button - so be sure you know what items are in the display before you 
make your first response. You also have a limited time to make a response, so again, please 
respond as accurately and quickly as possible. If you make a mistake, continue to identify targets 
and finish the trial as best you can. If you need to ask a question, please wait until the end of a trial 
(when you see the done timing message), then release the square button and ask me then. If 
something goes wrong, tell me immediately. The experiment should last about 45 minutes.” 


’Any Questions?” 
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SUBJECT DEBRIEF 

"I mentioned at the start of the study that I am examining how various information codes 
affect performance. Performance is being measured in terms of Reaction time and response 
accuracy. The task you’ve been performing was designed so that I could partitirm the reaction time 
from each trial (break it up) into two components • In|Mit time and output time. Input rimf. 
conceptually is the time to take in information from the display and store it in memory. Output 
time is the time required to take information from memmry and execute a response.” 

”You were in one of 13 different conditions. The conditions fhang^. in terms of: the codes 
being used and how they are arranged, how the codes are arranged on the response panel, and the 
instructions I g^e the subjects. My primary interest is in seeing bow these manipulations affect 
input time and output time. I am particularly interested in seeing how changing the response panel, 
for instance assigning multiple codes to the same keys, affects input times and output time. If you 
think about it, you would expect that changing the response panel would only affect output time, and 
this is what most people assume. However, no one has ever tested it. What I am trying to test is if 
this is in fact an appropriate assumption, or if chan^ng the response side of the task in fact also 
changes the input side of the task.” 

This question. Does the response side of a task affect the processing of the input side of 
the task is important for a variety of reasons. First, theoretical models of how people process 
information generally assume that processing consists of a sequence of stages, and there is no 
provision for the output (response) side of performance to affect the input side. Second there are 
practical implications in designing person-machine interfaces, e.g. multi^ction keyboards. If 
putting a lot functions on a common control changes the way people think about doing some task, 
that would suggest that we need to better understand how processing is changed by this multi¬ 
function type of control.” 

"Questions?” 

"Do you want me to send you a summary of the results?” (Mention time frame for finishing the 
study). 


• Thank subject for participation. 
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SUBJECT CONSENT FORM 


Experiment 

NUMBER: Y-10 

TITLE: The Effects of Repose Codes cm Infonnation Processing in an 
Identification Taslr. 

Experimenten Jeffrey G. Morrison Saperviaor: Dr. GregtMy M. Corso 

By signing this form you are consenting to participate in this experiment. In return fw your 
participation you will receive class credit as per Georgia Tech. School of Psychology pdicy. 
You have the right to withdraw from the experiment at any time and will receive credit for 
the time you have participated. 


Signature 


Date 


Name (Printed) 


Tech. Box Number 


Instructor to receive credit 


Class Number & Section 
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APPENDIX B - Means for Main Effects 

Chapter 4 • Digits, Letters, Separate. ^ 


Effect; 

% CORRECT; 

TOTAL TIME: 

INPUT TIME: 

output TIME; 

Target-Task: 





Di^ts 

96.5 

2687 

1636 

375 

Letters 

98.1 

3379 

1756 

396 

Separate 

973 

3647 

1951 

471 


Response 

Mapping: 

Separate 

Compound 

Targets: 


2 

983 

2198 

1253 

401 

3 

973 

3143 

1766 

412 

4 

95.9 

3757 

2323 

429 


26 


No data in a cell indicates that there was no significant difference found for the effect 
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APPENDIX B • Means for Significant Main Effects 


Effect; 

% CORRECT: 

TOTAL TIME: 

INPUT TIME: 

OUTRJT 

Blocks: 

1 

- 

3519 

1910 

531 

2 

-- 

3094 

1768 

439 

3 

“ 

3040 

1746 

428 

4 

- 

2990 

1739 

412 

5 

- 

2947 

1758 

395 

6 

- 

2983 

1759 

402 

7 

- 

2962 

1774 

392 

8 

- 

2902 

1758 

380 

9 


2967 

1805 

382 


10 


2934 


1791 


379 
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APPENDIX B • Means for Significant Main Effects 


Chapter 5 • Digits, Compound (Digits), Letters, Compound (Letters). ^ 







Target'TasIc 





Di^ts 

- 

2767 

1636 

375 

Digits 

(Compound) 

- 

2956 

1756 

396 

Letters 

“ 

3379 

1951 

471 

Letters 

(Compound) 


3357 

2053 

430 

Response 

Mapping: 





Separate 

- 

- 

-- 

- 

Ck>mpound 

“ 

-- 

-- 

- 

Targets: 





2 

98.4 

2099 

1291 

404 

3 

97.7 

3076 

1823 

417 

4 

96.0 

4169 

2432 

434 


^ No data in a cell indicates that there was no ugnificant difference found for the effect 
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APPENDIX B • Means for Significant Main Effects 


Effect; 

9> CORRECT: 

TOTAL TIME: 

INPOTTIME; 

OUTPUT 

TIME: 

Blocks: 

1 


3595 

1983 

535 


2 


3158 

1832 

440 


3 


3141 

1828 

436 


4 


3063 

1815 

413 


5 


3019 

1817 

399 


6 


3059 

1835 

403 


7 


3041 

1828 

403 


8 


2987 

1824 

386 


9 


3028 

1866 

383 


10 


3017 

1859 

384 
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APPENDIX B • Means for Significant Main Effects 


Chapter 6 • Separate, Compound. ^ 


Effect; 

% CORRECT: 

TOTAL TIME: 

INPUT TIME; 

OUTPUT TIME: 

Taivet-Task: 

Separate 

96.0 

3645 

1939 

“ 

Compound 

82.6 

7479 

3650 

“ 

Response 

Mapping: 

Separate 


- 

3021 

- 

Compound 

- 

-- 

2569 

- 

Targets: 

2 

97.4 

3387 

1660 

560 

3 

91.6 

5468 

2691 

604 

4 

78.8 

7831 

4034 

623 


28 


No data in a ceU indicates that there was no significant difference found for the effect. 
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APPENDIX B - Means for Significant Main Effects 


Effect: % CORRECT: TOTAL TIME: INPOTTIME: OUTPUT TIME: 

Blocks: 


1 

“ 

5808 

2785 

718 

2 

-- 

5363 

2699 

625 

3 

- 

5089 

2583 

590 

4 

- 

4566 

2570 

585 

5 

-- 

5032 

2588 

577 

6 

- 

4984 

2576 

573 

7 

- 

5073 

2611 

582 

8 

- 

5095 

2661 

581 

9 

-- 

5029 

2620 

569 

10 


5013 

2665 

558 
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APPENDIX B • Means for Significant Main Effects 


Chapter 7 - Compound (Letters), Compoond, Redundant^ 


Effect: CORRECT: TOTAL TIME; INPtlT TIME: OUTPUT TIME: 

Taiget'Task: 


Letters 

(Compound) 

97.9 

3515 

2123 

460 

Separate 

83.9 

6867 

3230 

600 

Redundant 

94.0 

4956 

2864 

341 


Targets: 


2 

98.7 

3129 

1672 

438 

3 

93.6 

5008 

2638 

472 

4 

83.5 

7200 

3908 

491 


29 


No data in a cell indicates that there was no significant difference found for the effect. 
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APPENDIX B - Means for Significant Main Effects 


Effect; 9, CORRECT; TOTAL TIME; INPUT TIME; OUTPUT TIME; 

Blocks; 


1 

“ 

5489 

3021 

577 

2 

-- 

5048 

2918 

491 

3 

- 

4852 

2695 

497 

4 

- 

4598 

2606 

461 

5 

- 

4378 

2451 

448 

6 

- 

4468 

2492 

450 

7 

- 

4355 

2390 

464 

8 

- 

4406 

2499 

441 

9 

- 

4274 

2439 

428 

10 


4243 

2478 

414 
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